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REVISION OF PALEOZOIC STELLEROIDEA WITH 
SPECIAL REFERENCE TO NORTH AMERICAN 
ASTEROIDEA 



By Chables Sohuchebt 

Fr<]fe99or of PaUorUologyf Yale UnivenUy, New Haven. 



PREFACE 



This memoir had its inception in 1896, and came about through 
the force of circumstances. The writer, at that time assistant curator 
in the United States National Museum, was made aware of the desire 
of Mr. I. H. Harris, of Waynesville, Ohio, to present to that institu- 
tion his extensive collection of Ordovidc fossils. He had long known 
Mr. Harris, having met him as a young man, about the year 1876, 
at which time the Harris collection was abeady widely faiown, not 
only for its quantity, but more especially for its many choice speci- 
mens of the rarer species of starfishes, crinids, and trilobites. Twenty 
years later came Mr. Harris's desire to present to the National 
Museum the collection upon which he had been at work for fifty 
years. This gift brought to the National Museum not less than 40 
asterids, 35 (31 on one slab) ophiurids from the Cincinnatic strata 
(the great majority from the Waynesville formation), besides an 
asterid and 12 specimens of Onychaster flexUis from the Keokuk 
formation at CrawfordsviUe, Indiana. Some years later the National 
Museum acquired the very valuable E. O. Ulrich collection, in which 
there were also many good starfishes. Accordingly, it is safe to state 
that in no other museum are there so many Ordovicic asterids, in so 
great a variety and in such excellent preservation. 

The material of the Harris collection seemed to show that its com- 
plete study would not only reveal much new knowledge, but give an 
insight as well into the probable evolution of the Paleozoic starfishes. 
Y^hen these facts were made known to the then director of the National 
Museum, Dr. G. Brown Goode, he asked the writer to invite Mr. Harris 
to join him in a work on the Ordovicic starfishes. This was done and 
Mr. Harris was greatly pleased to undertake the joint authorship. 
He did all he could to further the work, but it went very slowly, 
because the present writer was so much occupied with curatorial 
work as well as the arranging of museum exhibits for the expositions 
in which the United States Government participated and which came 
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neariy every year. Unfortunately, Mr. Harris died on October 17, 
1897, when the work was still in the first stages. 

At odd times during subsequent years the writer kept up his studi(*4 
and in the spring of 1904 the work on the Asteroidea was practically 
completed. Then came his appointment to the chair of paleontolo;r>' 
at Yale I'niversity. Here new duties and new Unes of thought kept 
him away from the study of the Paleozoic ophiurids which had Ix^n 
planned, but the hope was strong that somehow the time would Ix* 
found to complete the work. However, this hope has not materialiiStMl 
others have gone to work on the staHLshes, and one genus and general- 
ization after another has slipped away. Therefore it was thought 
best to revise what had been done, bringing the asterids up to dat«' 
In regard to the ophiurids, it was found impossible to restudy th<- 
specimens, but as the writer had kept abreast of the literature, thi> 
was put into order and is here presented, in the hope that 8ubse<|Uc-iit 
workers will find it us<*ful in enabling them to find the references <»n 
any species and the taxonomic status of any form. 

A study of the specimens in the Harris collection made it plain 
that no satlsfactor}' taxonomic and s^'stematio results would follow 
unless the umlertnking sLho embraced many other Paleozoic fornix, 
of Eun)pe as well as of America. Species and genera had been pn^ 
posed in a very 1<k>s4« ni tinner; in fact, most of the Pal(H)Zoic litera- 
ture on asterids and ophiurids up to the time this work b<*gan had 
no other value than to fon*e the reviser under the rules of nomencla- 
ture to recognize the nami*s proposed. The Int4*mati(mal Rules i»f 
Zoological Nomenclature have hero b(H>n strictly followed. Undrr 
th(*se cirrumstanc4*s, all of the tyiMMiiM'cimens had to be s4*en, and m<v^t 
of them have been accensihle. In this way the work finally came U* 
be extended to all Paleozoic Stelleroidea. To make it plain how Kttlr 
the American Paleozoic starfwhc's were known in 18S9, it will auflico 
to give one example: Miller in hln North American Geology an<i 
Palaeontology lints 23 specii»s un<ler Pahofdfr; in the present work 
there is but a single fonn of tliis gi'nun, the gmotype, P. niagarensij*, 
the remainder having Ixvn di^trihutrd among S4*vi*n grnera, all nrw 
and proposed in the pn^t few yi*ars (ir at thi.H time. As a result, every 
paIe<mtologist will l>e ohli;r«Ml to <liHri*';ard wliut he has li*amed nr^ 
garding American Palro/oir hturtUhrs and start anc*w. To facihtat^^ 
this, a list has b<^*n pn*panMl antl Ls hi*re pn*s4*nt4Ml of all the namt*«% 
to far given to Palcs»z4»ic af^trrids antl opliiurids, with cro^ n*ferenc<^ 
to the names adopt4Ml in thtH work. 

Now that this Htu<ly is fiiu-hcHl, at Want for tlie pres(*nt, it is plain 
to the author that his nix^cii^s and p^nrra are aLno in some caM^s Uh* 
eomprehensive. Ttio futum studf nt will n^ttidy the specimens alon^ 
with th0 new material and go more d«M*ply into the detaili'd structure 
of the parts. Hr who att«mplM thU, alon^ with paiu**takili^ n*txiu- 
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struction of the skeleton as it was in Efe, will learn where to separate 
and what to reject. 

Doling the past 10 years, Schdndorf has revised most of the German 
asterids and has studied deeply into the structure of the ophiurids. 
His work is very detailed and the best extant on the Paleozoic forms. 
Every student of SteUeroidea intending to do thorough work will 
have to examine his results. In classification he has laid the founda- 
tion, and has shown that some asterids are not Asteroidea at all, but 
that they and the bulk of the so-called ophiurids of the Paleozoic must, 
because of their peculiar structure, ambulacral and otherwise, be 
referred to another class, the Auluroidea. 

In regard to the evolution of the Asteroidea, the writer hoped 
to find the time to present his views concerning it in detail in this 
memoir, but that also is not possible. However, the main lines 
and often the generic directions of organic change are stated and 
will be found either in the introductory pages or scattered through- 
out the work, generally in the remarks under the generic discussions. 
These results in connection with the work of Schdndorf, it is thought, 
ought soon to place the Paleozoic SteUeroidea in such order .that 
a final classification, based on ontogeny, chronogenesis, and phyl- 
ogeny, and embracing not only the Paleozoic forms but those of 
Mesozoic, Cenozoic, and Recent time as well, can be made. 

Many museums and individual paleontologists have loaned the 
writer the specimens in their collections or in their keeping, and he 
wishes here to thank them, one and all, for these loans. The greatest 
bulk of the material studied is of course in the United States National 
Museum in the Harris and Ulrich collections; a number of Trenton 
specimens and some from the English Siluric have also been given 
to the National Museum by Mr. Walter R. Billings, of Ottawa. 
Since the writer has been in New Haven, Dr. R. S. Bassler, of the 
National Museum, has often kindly helped him to further his studies, 
and during the past year has made a large number of photographs 
of the specimens under his charge. The many Miasissippic speci- 
mens in the Frank Springer collection have not been studied. 

The author is greatly indebted to Dr. F. A. Bather, of the British 
Museum (Natural History), for a large number of gutta-percha and 
wax squeezes made by him of certain species in that great museum. 
These casts, which are all in the United States National Museum, 
have enabled the writer to understand several genera that otherwise 
he could not have worked out. He is also indebted to him for many 
bibliographic corrections and suggestions. 

The second largest American collection is at Harvard Universityi 
in the Museum of Comparative Zodlogy. Most of the material is 
in the Charles D. Walcott, Charles B. Dyer, and Charles Wachsmuth 
collections. In the first-named collection there is excellent material 
from the Middle Ordovicic; the second has many fine specimens 



6 TABLB OF CONTBNTB* 

DMcripckm of genorm mm! ipedw— CoDtintted. 
Claw 8t«lleroid6»-C<mtintted. 

BttbclftM Astwoidaa— Continued. 
PhMMTogoni* Continued. 

Flunily Ph)mopn1«Mt«id« 73 

Subtunily MoiopnlaBWterinA 74 

MstopaiMOMUr 74 

SpaniaHtr 96 

Mioima$Ur 96 

DevcmoBttr 97 

Bubfunily PftMnopd«Mterin» 102 

Promopalma$i£t lOS 

BubJMnily Anoi1hiifnrin» U5 

Anarihaiiff^ 125 

Family XonaitoridA 1» 

JTmoffcr U9 

Agahnoiier 131 

Mmoftar 133 

EifrloiUr 133 

TVtsMnulcr 134 

Funily NoopdiHtfteridA 134 

NmpalmaUer 134 

Fynily PftlMterinidA 138 

Petra$i£t 138 

iAMUiF&ma$Ur 148 

PulatUrma IflO 

riowoii i f IM 

PaiMCiUUa 166 

P$nidi>palaHtrina 164 

Flunily L»pidafltarid« 167 

UjmhtUr 168 

aelitmiha»i£r 16» 

lAp^duUrtUa 188 

Fynily unknown 181 

A$in>p9eim 181 

AinasUr 181 

C^yplosonia 183 

Punily StonaitaridA 183 

6%maaUt lO 

THnglm 187 

FiMnily MonaalaridA 178 

MomuUf 170 

Family Unialarallid* 1T3 

Vf^aUftlla 1 73 

Family OalliaiCanllidA 190 

0$Uwa$UnUa 190 

Fkmily OompaMlarid* 191 

1« 

1« 

Fkmily ScliocliartiidA 194 

Stimtkinm 196 

Fkmily PalailariMridM 190 



TABLS OF GONTBNTB. 7 

Description of geneia and apeciee— Continued. 
Glass Stelleroidear-Gontinued. 

Subclass AsteroidiB — Continued. 
Cryptoaoniar— Continued . 

Family Palasteriscidft-^Continued. page. 

LorioUuter 201 

Cheiroptenuter 202 

Eunily Schoenasteridse 202 

8choma»ter 202 

Funily Palsosolasteride 207 

PdUeoiolaiter 209 

Eehinastenat 211 

Echmoditcoiter 211 

Ei^inoMUlla 212 

MeduBtuter 212 

Subclass Auluroidea 213 

Order Lysophiune 216 

Family ProtasteridBB 215 

Tamioiter 216 

Eophiura 222 

Bdumura 223 

Pabeura 223 

ProtoBter 224 

Alepida$ter 228 

Or^jforitara 233 

Bundenbachia 234 

Pcdaeophiomyxa 234 

Funily PalseophiuridBe 235 

PaUeophiwra 235 

StOrtzura , 236 

EugoBterella 237 

PtUonoBter 239 

Funily Encrinasteridn 241 

EnarmoBter 241 

Order Streptophium 246 

Family Ophiurinide 246 

Opkituina 246 

TrmaUuter 247 

Family LapworthurideB 248 

Squamoiter 249 

Lapworihura 250 

StOrttOiter 252 

BdeUaama 254 

Bhopalocoma 254 

HaUatter 254 

Sympterura 256 

FurcoBter 261 

PaJoBtropecten 261 

Funily EoluidiidA 262 

Eolwdia 262 

EoBp(mdyluB 263 

MioBpondyluB 263 

FunUy Aganasteride 263 

AffonoBter 268 

Ftoiily CholastflridA 266 

ChoioBter 266 



10 BULLETIN 88, UNITED STATES NATIONAL MUSEUM. 

nearly every year. Unfortunately, Mr. Harris died on October 17, 
1897; when the work was still in the first stages. 

At odd times during subsequent years the writer kept up his studies 
and in the spring of 1904 the work on the Asteroidea was practically 
completed. Then came his appointment to the chair of paleontology 
at Yale University. Here new duties and new lines of thought kept 
him away from the study of the Paleozoic ophiurids which had been 
planned; but the hope was strong that somehow the time would be 
found to complete the work. However, this hope has not materialized, 
others have gone to work on the starfishes, and one genus and general- 
ization after another has slipped away. Therefore it was thought 
best to revise what had been done, bringing the asterids up to date. 
In regard to the ophiurids, it was found impossible to restudy the 
specimens, but as the writer had kept abreast of the Uterature, this 
was put into order and is here presented, in the hope that subsequent 
workers will find it useful in enabling them to find the references on 
any species and the taxonomic status of any form. 

A study of the specimens in the Harris collection made it plain 
that no satisfactory taxonomic and systematic results would follow 
unless the undertaking also embraced many other Paleozoio forms, 
of Europe as well as of America. Species and genera had been pro- 
posed in a very loose maimer; in fact, most of the Paleozoic litera- 
ture on asterids and ophiurids up to the time this work began had 
no other value than to force the reviser under the rules of nomencla- 
ture to recognize the names proposed. The International Rules of 
Zoological Nomenclature have here been strictly followed. Under 
these circumstances, all of the type-specimens had to be seen, and most 
of them have been accessible. In this way the work finally came to 
be extended to all Paleozoic Stelleroidea. To make it plain how little 
the American Paleozoic starfishes were known in 1889, it wiU suffice 
to give one example: Miller in his North American (xeology and 
Palaeontology lists 23 species under Pctlsedster; in the present work 
there is but a single form of this genus, the genotype, P. niagarensis, 
the remainder having been distributed among seven genera, all new 
and proposed in the past few years or at this time. As a result, every 
paleontologist will be obliged to disregard what he has learned re- 
garding American Paleozoic starfishes and start anew. To facilitate 
this, a list has been prepared and is here presented of all the names 
so far given to Paleozoic asterids and ophiurids, with cross references 
to the names adopted in this work. 

Now that this study is finished, at least for the present, it is plain 
to the author that his species and genera are also in some cases too 
comprehenave. The future student will restudy the specimens along 
with the new material and go more deeply into the detailed structure 
of the parts. He who attempts this, along with painstaking recon- 
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stnietion of the skeleton as it was in life, will learn where to separate 
and what to reject. 

During the past 10 years, Schdndorf has revised most of the German 
asterids and has stucUed deeply into the structure of the ophiurids. 
His work is very detailed and the best extant on the Paleozoic forms. 
Every student of Stelleroidea intending to do thorough work will 
have to examine his results. In classification he has laid the founda- 
tion, and has shown that some asterids are not Asteroidea at all, but 
that they and the bulk of the so-called ophiurids of the Paleozoic must, 
because of their peculiar structiure, ambulacral and otherwise, be 
referred to another class, the Auluroidea. 

In regard to the evolution of the Asteroidea, the writer hoped 
to find the time to present his views concerning it in detail in this 
memoir, but that also is not possible. However, the main lines 
and often the generic directions of organic change are stated and 
will be found either in the introductory pages or scattered through- 
out the work, generally in the remarks under the generic discussions. 
These results in connection with the work of Schdndorf , it is thought, 
ought soon to place the Paleozoic Stelleroidea in such order .that 
a final classification, based on ontogeny, chronogenesis, and phyl- 
ogeny, and embracing not only the Paleozoic forms but those of 
Mesozoic, Cenozoic, and Recent time as well, can be made. 

Many museiuns and individual paleontologists have loaned the 
writer the specimens in their collections or in their keeping, and he 
wishes here to thank them, one and all, for these loans. The greatest 
bulk of the material studied is of course in the United States National 
Museum in the Harris and Ulrich collections; a number of Trenton 
specimens and some from the English Siluric have also been given 
to the National Museum by Mr. Walter R. Billings, of Ottawa. 
Since the writer has been in New Haven, Dr. R. S. Bassler, of the 
National Museum, has often kindly helped him to further his studies, 
and during the past year has made a large number of photographs 
of the specimens under his charge. The many Mississippic speci- 
mens in the Frank Springer collection have not been studied. 

The author is greatly indebted to Dr. F. A. Bather, of the British 
Museum (Natural History), for a large number of gutta-percha and 
wax squeezes made by him of certain species in that great museum. 
These casts, which are all in the United States National Museum, 
have enabled the writer to understand several genera that otherwise 
he could not have worked out. He is also indebted to him for many 
bibliographic corrections and suggestions. 

The second largest American collection is at Harvard University, 
in the Museum of Comparative Zoology. Most of the material is* 
in the Charles D. Walcott, Charles B. Dyer, and Charles Wachsmuth 
collections. In the first-named collection there is excellent material 
from the Middle Ordovicic; the second has many fine specimens 
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from the Cincinnatic formations; while the Wachsmuth material has 
species from the Mississippic. To all of this material the author 
has had access through tiie kindness of Director Samuel Henshaw 
and Profs. R. T. Jackson and P. E. Raymond. 

At the Uniyersity of Chicago there is a great deal of excellent 
material in the W. F. E. Ourley, Charles Faber, and U. P. James 
collections; to which Weller has added other specimens. All of this 
material has been studied through the courtesy of Prof. Stuart 
Weller. Most of it is from the Cincinnatic formations. 

All of the specimens described by E. Billings and now in the Vic- 
toria Memorial Museum in Ottawa, Canada, hare been seen at one 
time or another. In this matter the writer was much aided by the 
late Dr. J. F. Whiteaves and more recently by Drs. P. E, Raymond 
and E. M. Kindle, to the latter of whom thanks are also due for 
several photographs reproduced in this memoir. Most of the speci- 
mens are from the Ordovicic. 

In the University of Toronto there is much material from the 
Ordovicic and Siluric in the Sir Edmund Walker collection, and there 
may be studied a great many specimens of Stenaster sdUeri. AU of 
this has been seen through the great liberality of Prof. William A. 
Parks. 

The genotype of Pdlseasterf from the museum of Cornell University, 
was loaned to the author at different times by Prof. H. S. Williams. 
It is one of the best preserved of Paleozoic specimens and has become 
very valuable because of the continual discussion that centers 
around the species, P. niagarensis. 

To all the specimens in the Peabody Museum of Yale University 
access was had through the kindness of the late Prof. Charles E. 
Beecher. Among them is the unique branching form, Eudadia 
beecheri. 

Photographs have been made for this memoir by Dr. John M. 
Clarke of specimens in the New York State Museiun, and by Prof. 
George H. Hudson, of Plattsburg, New York, of other material. 
Prof. Arthur M. Miller loaned two specimens that he collected aAd 
deposited in the State University, Lexington, Kentucky. Prof. George 
W. Harper, of Cincinnati, loaned a specimen of PcHaeaster darkana 
{" Hudaanaster incomptua). 

Nearly all the original drawings were traced from the specimens 
by aid of the camera ludda. These outlines were then inked and 
shaded by the late Dr. J. C. McConnell, a draftsman and artist of 
the first rank. 

To Miss Clara Mae LeVene the writer is especially thankful for 
the great interest she has taken in getting the manuscript into order 
for the printer, keeping the bibliography up to date and correctiy 
citing it, and for the careful reading of tiie proof. 
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TERMINOLOGY AS APPLIED TO THE SKELETON OF PALEOZOIC 

ASTEROIDEA.' 
Abactinal, 

See Body-waU, The integumentary skeleton opposite to that having the ambu- 
lacnl grooveB, or that of the upper or doisal side of the animal. Also known 
aa the aboral surface. See AeHnal, 
Ahond. 

QeeAhaetmal, 
AeuMMory platei. 

This term lefen to the abactinal longitudinal columns, or transvene rows, of small 
plates between the radials and supramarginals (^Bfadial axeuory platei or dono- 
latenJs), or between the inframaTginala and supramarginals (^ambital platei or 
intennarginals), or where there are no radiak, to all the ossicles between the two 
supramarginal columns. There may also be accessory actinal plates which are 
termed accessory irUerbrackialSf accessory aetinalSf or irUeractinals. The accessory 
plates form the secondary skeleton and are inserted between the columns of 
the primary skeleton. It is in the secondary skeleton that much of the 
specific and generic evolution takes place. See IfUerhraekUd. 
Actinal. 

See Body^waU. The integumentary skeleton with the ambulacral grooves, or 
that of the under or ventral side of the animal. Also known as the oral sur^ce. 
Adamhidacnls, 

Thesingle colunms of prominent plates adjoining the ambulacrals. There are never 
more than two of these columns in a ray, one on each outer side of the depressed 
ambulacials. They are generally large and thick and bear the larger, or adam- 
bulacral, spines. Thesespinesmay be inwardly directed and serve as a protection 
for the tube-feet. The oral armature in Paleozoic species usually consists of five 
pairs of modified adambulacrals, each pair being the oral projection of two united 
columns of adjoining rays. They are also caUedilditimMilaeralia. Also see Jntor- 
bradiM. 
AwbUal. 

The abactinal space between the infra- and supramarginal columns, occupied by 
accessory plates. These are best developed in the axillary disk areas {disk ambi- 
tals)f while those of the rays are referred to as reqf ambitals. They are also 
known as inUnnarginals. 
AmJbuiacral, 

Ambulacral grooves (five or more), plates^ oi ossicles axe situated actinally and per- 
radially along the center of the rays and disk. They are also called ambula" 
cralia. The ambulacral columns are in pairs, the interlocking movable plates 
of adjoining columns may be alternate or opposite (always so in recent forms), 
and the plates of a column may be superposed like the tiles on a roof. The 
podial openings through which the fleshy tube-feet protrude are situated be- 
tween the sutures of adjoining plates. In early forms there are but two columns 
of podial openings in each ray, one on each side of the axial line, but in later 
forms there may be as many as ei^t columns. The ambulacral grooves may 
be tapering or petaloid. 
Aiwl iypemng. 

The only Paleozoic form in which an anal opening may exist visually is Eudson- 
aster. Here it is on the disk between the central plate and the madreporite. 
The anal pore is nearly always obscured in fossil starfishes, and is absent in some 
recent species. 

* Alio tn tlM main aiypUcable to tbe AaliiroldM wd Mmewtaat to th» Opbluroiaaa. 
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Arm. 

^9^ Axil. 
AxU, 

The angle fonned by the junctioii of the rays. Also known as area. In primitive 
fonns each axil u occupied by a single plate, the axillary ir^nmutrginal. In 
others this plate is crowded orally and its place occupied by two prominent 
proximal ir^marginaU, In forms with large disks having well-developed 
marginals these are termed disk marginals. Also see Ambital and IrUerbraMal. 

Bivium, 

The two rays of a starfish that inclose between them the madreporite. When 
oriented toward the student^ the ray on the left is numbered 1 and the other oa 
the right is numbered 5. A line drawn through the madreporite and the center 
of the upward directed ray (ray 3) divides the animal into symmetrical halves 
(sleft and rig^t aides). The upper left-hand ray is numbered 2 and the one 
opposite is 4. Rays 2, 3, and 4 form the trivium. 
Bodsf-walL 

The outer sur&ce of both disk and rays, made up of movable calcareous plates 
which are either closely adjoining or form a more or less loose network of ossicles. 
These are held together in the living animal by connective tissue and muscular 
fibers, which after death soon decompose, freeing the plates. It is for this reason 
that fossil starfishes are so rarely found entire. Imbedded in the body-wall 
everywhere are blunt, short, calcareous spines, arranged in a more or less 
definite order, and often movable upon the underlying plates. 
Covering the whole surface of the body, including the spines and pedicellarie, 
is a delicate membrane or skin, clothed externally with closely placed vibratile 
dlia, which keep the integument clean. The calcareous skeleton of starfishes 
is therefore integumentary. 
Cteedl pares. 

The openings between reticular plates for the protrusion of the respiratory csecal 
processes. These pores are either restricted to the abactinal area or may be 
distributed over the entire body! The processes are also known as papulm. 
Central disk. 

See Disk. 
Central disk plate. 

A prominent plate, most conspicuous in primitive forms, which often appears in 
tiie center of the disk. It holds the same position as the centro-dorsal plate in 
embryonic crinids of the genus ArU/sdon. Also called the ahaittiinal-central plate 
or simply central plate, 
Centro-dorsal plate. 

See Central disk plate. 
Disk. 

The central portion of a starfish. In this work, the term generally applies only to 
the abactinal central area formed either by the union of the rays, or by the rays 
plus the axillary areas. The mouth is in the center of the didc on the under or 
actinal side. Disk plates are the small plates over this area on the abactinal side . 
Central disk plate refers to a larger primary plate in the center of the disk. There 
may be other large primary plates, but these are more properly referred to the 
rays. See jRoduiZ, Interradud, Marginal, and Amlntal, 
xf^raiiMifytfMiZ. 

Bee Marginal plates, 
h^terhrachial. 

The actinal and marginal areas between the rays. These spaces have plates derived 
from various regions. In primitive fcmns, but a single plate is present, the 
cxiUar^ interbradiidi, derived by crowding orally the axillary inframarginal. 
In other gvoemi inframaiginala are crowded in paira orally and form interbracbial 
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anas, the inUrbraehial margmala. Or the adambulacnda may enter into the 
construction of these areas, forming interbradiial adarnbulacralt. When the adam- 
bolacrals and inframaiginals are separated by small plates, the latter are called 
wxnKfry inUrbraehfialt; they may extend almost to ^e distal ends of the rays. 

IrUtrraduil, 

A point half-way between the pexradii. The interambidacral areas are inter- 
radial in position. See Perradial, 

hUaradial plates. 

These abactinal plates are rarely retained in living mature starfishes. In many 
PaleoEoic genera they are large, interradial in position, five in number, and 
lie inside the basal or proximal supramaiginals and between the primary radials. 
They may be homologous with the basals of crinids. They are also known as 
(fenitaU, 

MadreporiU or madreporic plate, 

A sieve-like or spcogy plate, with many irregular openings for the circulation 
of sea water into the so-called ** stone canals " or better, into the water-vascular 
system. It is commonly granular or striated, and in Asteroidea is abactinal 
on the disk, basally situated between two rays, but in the Auluroidea is prob- 
ably always actinal in position. In recent multiradiate forms there are species 
with more than one madreporite. ' 

Marginal plates. 

In general the plates which make up the marginal columns bounding the rays, 
or disk, or the entire animal. They are parts of the primary skeleton. In tiie 
early Paleozoic genera the inframarginal and supramarginal columns are usually 
not directly superposed, making one column of superposed halves as in Meso- 
soic and Recent starfishes, but the former column lies outside or laterally of 
the latter. The inframaiginals are then the true marginals, and form a part 
of both the abactinal and actinal sides. In the primitive arrangement the 
inframarginals adjoin the adambulacrals, but in derived forms with large pen- 
tagonal disks they are separated from the latter by accessory interhrachial plates. 
The situation of the marginals is, however, not always at the margin of ^e 
disk and rays, but they may retain their primitive position beside the adam- 
bulacrals; liiis ia more especially true in forms having a well-developed pen- 
tagonal disk. These plates are also referred to as marginalia^ supramarginalia, 
and infnanarginalia. 
In some forms the supramarginals are not recognizable as such, while the infra- 
marginals are well-developed; and in others none of the marginals are distinctly 
discernible. Sometimes the plates of the inframarginal colunms adjoin one 
another, while those of the supramarginal series are separated by small acces- 
sory supramarginal pieces. Then the inframaiginals may be separated from 
the supramarginals by ambital ossicles (see Ambital). A proximal supramarginal 
ia the proximal plate of a colunm and may not be homologous with the primary 
supramarginal in primitive forms. Proximal inframarginal is used in a similar 
way and refers to the proximal axillary plate, two of which of adjoining col- 
umns occupy an axil or lie on either side of the axillary marginal. The latter 
in primitive forms alone occupies the angle between the rays. The marginals 
in large disks without angles may be termed dish vnfra^ and supramarginals. 
The large disk of some species is formed by the oral crowding of pairs of 
proximal inframarginals, the interhrachial marginals. 

Measurements. 

The size of starfishes is usually given in millimeters along the greater and lesser 
radii, that is, from the center of the mouth or disk to the tips of the rays. The 
symbol for this line is R. The smaller radius is from the center of the animal 
to the center of the Interradii; the symbol is r. 

60601*— Ball. 8&— 16 2 
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areas, the xnUrbrachial marginala. Or the adambulacnda may enter into the 
ccmatructiQn of these areas, forming interbrachial adambulacraU, When the adam- 
bolacrals and inframaiginals are separated by small plates, the latter are called 
oK^saofy inUrbnehiala; they may extend almost to tiiie distal ends of the rays. 
IffUemdiaL 

A point half-way between the pexradii. The interambidacral areas are inter- 
radial in position. See Perradial. 
hUenadial plates. 

These abactinal plates are rarely retained in living mature starfishes. In many 
Paleozoic genera they are large, interradial in position, five in number, and 
lie inside the basal or proximal supramaiginals and between the primary radials. 
They may be homologous with the basals of crinids. They are also known as 
genitals, 
Madreporite or madreporic plate. 

A sieve-like or spongy plate, with many irregular openings for the circulation 
of sea water into the so-called "stone canal, " or better, into the water-vascular 
system. It is commonly granular or striated, and in Asteroidea is abactinal 
on the disk, basally situated between two rays, but in the Auluroidea is prob- 
ably always actinal in position. In recent multlradiate forms there are species 
with more than one madreporite. ' 
Marginal plates. 

In general the plates which make up the marginal columns boimding the rays, 
or disk, or the entire animal. They are parts of the primary skeleton. In ^e 
early Paleozoic genera the inframarginal and suproTnarginal columns are usually 
not directly superposed, making one column of superposed halves as in Meso- 
zoic and Recent starfishes, but the former column lies outside or laterally of 
the latter. The inframarginals are then the true marginals, and form a part 
of both the abactinal and actinal sides. In the primitive arrangement the 
iTifpqmarginftlg adjoin the adambulacrals, but in derived forms with large pen- 
tagonal disks they are separated from the latter by accessory interbrachial plates. 
The Situation of the marginals is, however, not always at the margin of ihe 
disk and rays, but they may retain their primitive position beside the adam- 
bulacrals; liiis is more especially true in forms having a well-developed pen- 
tagonal disk. These plates are also referred to as marginalia, supramarginalia, 
and inframarginalia. 

In some forms the supramarginals are not recognizable as such, while the infra- 
maxginals are well-developed; and in others none of the marginals are distinctly 
discernible. Sometimes the plates of the inframarginal columns adjoin one 
another, while those of the supramarginal series are separated by small acces- 
sory supramarginal pieces. Then the inframarginals may be separated from 
the supramarginals by ambital ossicles (see AmbUal) . A proximal supramarginal 
is the proximal plate of a colunm and may not be homologous with the primary 
supramarginal in primitive forms. Proximal ir^ramarginal is used in a similar 
way and refers to the proximal axillary plate, two of which of adjoining col- 
umns occupy an axil or lie on either side of the axillary marginal. The latter 
in primitive fomiB alone occupies the angle between the rays. The marginals 
in large disks without angles may be termed dish infra- and supramarginals. 
The large disk of some species is formed by the oral crowding of pairs of 
proximal inframarginals, the interbradml marginals. 
Measurements, 

The size of starfishes is usuaUy given in millimeters along the greater and lesser 
radii, that is, from the center of the mouth or disk to the tips of the rays. The 
symbol for this line is R. The smaller radius is from the center of the animal 
to the center of the interradii; the symbol is r. 
aoeOl*— Boll. 8&— 16 — 2 
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Mouth angle plate. 

See Oral armalure. 
Ocular plate. 

A single large, grooved eye-plate occupying the distal ends of rays and support- 
ing a sensory tentacle at the base of which occurs the eye-spot. They appear in 
the larval stage as the primary radials and with grow^ pass outward, remain- 
ing at the tip of the rays as the oculars. They are also known as termxTuila, 
These large plates are not present as such in early Paleozoic genera, and are 
unknown before the Carboniferous. 
Oral. 

See Actinal. 
Oral angles. 

The interradial actinal areas aroimd the mouth. 
Oral armature. 

The x>airs of plates, usually five in number, comx>osing the apices around the 
central actinal opening or mouth. In most Paleozdc forms the armature 
consists of the proximal modified adofmbulacral plates. These pieces are also 
known as Mou^ angle plates. 

In some Paleozoic forms (Hudsonaster) there lies in front of each pair of mouth 
angle plates a single plate; this is known as the Torus, 

Gregory (1900, p. 241) writes that ''the Oral Skeleton (or actinostomial zing) 
consists of a solid calcareous ring around the mouth. It is composed of thirty 
plates in a quinqueradiate starfish, there being always six times as many plates 
as there are rays. Each segment of the oral skeleton consists of two pairs of 
ambulacral, and of one pair of adambulacral ossicles. In Asterias [a cryp- 
tozonian] the ambulacral plates are more prominent than the adambulacrals, 
and project into the oral cavity." 

When the ambulacral elements are the more prominent, the oral skeleton is said 
to be of the ambulacral type. This is only present in cryptozonians. When 
the adambulacral ossicles are the most prominent, the oral skeleton is of the 
adambulacral type. This latter construction is the more primitive and occurs 
in all the Phanerozonia, but is also present in some of the cryptozonians. 
Ossicles, 

See Plates, 
Papulss, 

In living Asterias, a cryptozonian, from between the spicular plates there rise 
from all parts of the external surface short and small integumentary protuber- 
ances that are used for respiration. In the more heavily plated Phanerozo- 
nia they are limited to the abactinal surface enclosed between the supramar- 
glnal plates. It is probable that papulae were present in all Paleozoic forms 
having rounded or spicular ossicles, issuing in the open spaces between the 
plates. They probably were absent in the earliest closely plated starfishes, 
such as Hudsonaster, See Cssoal pores, 
Parillx, 

Minute calcareous processes arranged around large sxunes. None are known 
in Paleozoic genera. 

"Another type of spines occurs as part of the structures known as 'paxilke.* 

/£ach paxilla consists of a thick plate supporting a number of short, calcareous 

pillars, the summit of each of which is covered by a group of small spines. 

In some Phanerozonia * * * the ];)axillfie occupy almost the whole abactinal 

surface of the Asteroid" (Gregory 1900, p. 247). 

Pedicellarise, 

Pincer or scissors-like calcareous appendages, attached to the spines, the plates, 
or the skin, which keep the body-wall clean of parasites. Nope have as yet 
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been detected with certainty in Paleozoic genera. In the primitive Recent 
forms they are also absent, the integument being protected by an abundance 
of closely set spines. 
"The Pedicellarise of Asteroids are of four main types. The simplest form con- 
sists of a row of pairs of small, sessile, opposable spines; these are the 'pseudo- 
pedicellarise.' The members of the second set are ' sessile. ' The next advance 
is the development of a stalk; of these pedunculate pedicellarise there are two 
varieties: (1) the ' forficiform,'^ in which the two hooks are attached to the near- 
est end of the basal plate nearest to them; (2) the 'forcipiform,' in which the 
two hooks cross one another and are attached to the end of the basal plate far- 
thest from them " (Gregory 1900, p. 247; also see Verrill 1914, pp. 2&-34). 
Perradial, 

The area along the center of the rays. The ambulacra are. perradial in position. 
See Interradial. 
Plates. 

Some writers restrict the term plates to the five primary radials, five interradials, 
and the central disk piece, and refer to all the other calcareous parts as ossicles. 
The word plates is here used in the widest sense, and as interchangeable with 
ossicles. For the sake of brevity the plates will be often referred to as margi- 
naUa, radialia, etc. 
Podial openings. 

The rounded openings between the ambulacral plates for the protrusion of the 
locomotor organs, the podia or water-tube-feet. See also Ambulacral. 
Primary radial. 
Bee Radial. 
Primary skeleton. 

The skeleton of a starfish is made up of primary and secondary ossicles. The 
primary skeleton consists of the longest inherited and the first appearing plates 
in the young, as the ambulacral, adambulacral, marginal and radial columns, 
plus the primary pieces of the disk. All the other ossicles inserted between 
these are of the secondary skeleton. 
Radial. 

Refers only to the prominent abactinal primary plates holding a radial position. 
Where present, they form columns of continuous reticular or separated radialia, 
Bituated along the radial center of the rays. Proximal radials are those on or 
near the disk and should not be confounded with the primary radials, the 
probable homologues of the radials in crinids. These plates are also known as 
median dorsals^ dorsals or carinals; also as radialia. 
Rays. 

The radial ''arms " of starfishes. These are hollow and contain the digestive, 
reproductive, and water-vascular systems and other organs. The rays merge 
gndually and without sharp demarcation into the central disk. 
Respiraiory pores. 

Gee CsBoal pores. 
Secondary skeleton. 

See Primary skeleton and Accessory plates. 
Spines. 

Gee PaxOlss and PedicellarisB. 
Supramarffinal. 

See Marginal plates. 
Terminals. 

Gee Ocular plate. 
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Tortu, 

See Oral armature, 
Tnvium, 

See Bivium. 
Vertebral ossicles. 

In the Ophiuroidea each pair of adjoining ambulacralia is united into a single 
plate, the vertebra of the arms. As the arms are very flexible, these oflsicles 
articulate upon one another as do the bones in the vertebral column of verte- 
brates. 

FINDING LIST OF PALEOZOIC STELLEROIDEA. 

Page. 

Acrovra (OpMura) schlotheimii Mtinster. Known to the writer only from the list 
in Woodward, Geol. Mag., dec. 2, vol. 1, 1874, p. 7. Siluric. 

Agalxnaster Schdndorf : 131 

.^.^aruftffSchdndorf 132 

A, inUmvedius Sch5ndorf 133 

A, mieUensis Schdndorf 132 

Agflnaster Miller and Gurley 263 

A. gregarius (Meek and Worthen) 264 

A, (f ) sp. Miller and Guiley=Lapv>orthura (f ) sp 261 

Alepidaster Meek 228 

A, flexuosus (Miller and Dyer) 231 

A . granultferus (Meek) 230 

A. gregaritu ^eek=Aganaster gregarius 264 

A. miamiensis (Miller) 233 

A. f , new species 230 

Anorthaster, new genus 125 

A . miamiensis (Miller) 127 

Archssasterias Mtiller =Xenaster 129 

f Argaster Hall= Mesopalseaster 74 

A. arUiqua Gregory =MesopalaRaster (f) antiquus 86 

AspidoBoxna GoldfU8S=.^7UTt7Uuter 241 

A. amoldi GoldfuaB=Enainaster amoldi j 243 

A. eifelense Sch6ador(=Encrinaster eifelensis 244 

A, goldfussi Sch6ndor(= Encrinaster goldfussi 243 

A. grayae S^^ncet^Encrinaster (f ) grayx 245 

A, petaloides Simonovitsch=.E}icrtn(»f€r petaloides 243 

A. petaloides goslariensis ^9liBX'^Encrinaster petaloides goslariensis 243 

A,f pontis (jiBike=Ericrinaster poTitis 244 

A. roemeri 8ch6ndori==Encrinaster roemeri 244 

A. schmidti Bch6ndori^ Encrinaster schmidti 244 

A. tisckheinianum Boemet^Encrinaster tischheinianus 244 

Asterias Graham, Anthony, and jBjaea=Petraster{t) americanus 146 

A. acuminatus Simonovitsch^ MesopalsMster (f ) acuminatus \ 93 

A. anthonii jyasiSk—Petraster (f ) americanus 146 

A. antiqua Bishiger = lAndslrdinMter antiquiis 149 

A. antiqua TrooBt^ Mesopalseaster (f ) antiquus 66 

A. antiquata Locke^^Promopalseaster spedosus 109 

A. aspenila Roemer» JJrastereUa asperula 188 

A . asperula Roemer (part) ^EoluuHa dedteni 262 

A, oonstellata Thor6nt» Urasterella (t) oonstelkUa 187 

A. matutina BaH^Hudsonaster matutinus 57 

A. numtonttf StschurowskysB l7rac(«r«Ua montona 189 

A, primtgva Salter and Sowerbyv/S^teruut^r (f) obtvMLs 167 
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Page. 

Art€n(M |>nmonKaZi« Anon. =Promopa2aMuter, sp. undet 108 

A. {Archxaaterias) rhenana MUSler^Xeruuter (?) rhenanus 131 

A. tpinonanma Roemer. An unsolved starfish from the Lower Devonic of 
Bundenbach, Germany. See Roemer, Palseontographica, voL 9, 1863, p. 147, 
pL 29, fig. 4; and SchGndorf, Jahrb. nassauisch. Ver. Naturk., Wiesbaden, 
vol. 62, 1909, p. 33. 
A. sp. undet. Hall 1M7 ^^Calagter tenuiradiatua. 

AiUriseua arUiquus 'Pictet== LindatroTruuter arUiquus 149 

Astropecten link 161 

A. (f) idUHteri BtMz 161 

Atazaster Jaekel 161 

A. pyffnunu JMkel 161 

Australaster, new genus 72 

A. gigoTUeua (E^eiidge) 73 

A. (?) MtutMuni (Etheridge) 73 

BdeUacoma Salter 254 

B, vennifofmia Salter 254 

Bohemura Jaekel 223 

B. ioAm Jaekel 223 

Bnndenbachia SttlrU 234 

B, beruekeiQtfiitz 234 

B. grandu BtiMz=PalaK)ph!iomyxa grandis 235 

Caniaater Trautschold= CaWwtercZto 190 

C. minu Tn,ntachold= CaUiaatereUa mira 190 

CalliaatereUa, new name 190 

C. mtro (Trautschold) 190 

Cheiropteraater StUrtz 202 

C. giganteus BtQitz 202 

Cholaater Worthen and Miller 265 

C. pecttiiam Worthen and Miller 266 

Ccalaater Sandberger=i5jxinieut€r 95 

C. amerieanuB D^Orhigay^sPetraster (f ) americanus 146 

C. 2atiieutofitf SandbergersiS'pantitut^ 2att8cuto<tia 96 

C. Unuiradiatus D'Orbigny, Prodr. de Paleont., vol. 1, 1849, p. 22. Based on 

an isolated madreporite described as Atterias, sp. undet.. Hall, Pal. New 

York, vol. 1, 1847, p. 18, pi. 4, figs. Ha, 116. 

Compaaater Worthen and Miller 192 

CformotuM Worthen and Miller 193 

C, new species 194 

CribelliUa carftonarita Tate 274 

Devonaater, new genus 97 

D. diemungefuiaf new species 101 

D. «<e*arM (HaU) 98 

BcbinaatereUa S tflrtz 200 

B. r darvdni duke 200 

E,8hdeni8t£Litz 200 

Bdiinaatexiaa StOrtz. 211 

£. jpmonit StOrtz 211 

g^ii tr%nAimMHkM*Mer Dolago and H^rouard 211 

B. muUidaetylui (StMji) 211 

Bdilnodiaeitea Schuchert=£diinodi«ca<t^ 211 

Bdiinodiaena BtSSattz^EMnodiacaster 211 

B, mvJHdaeivlui 8tmz^E(hinodUca$ter muUidaetylua 211 
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BchinosteUa Stttrtz 212 

E. traqmvri Sttirtz 212 

Eif elaster Schondorf 133 

E, follmanni Schondorf 134 

Encrinaster Haeckel 241 

Encrinaster Haeckel (part) ^Protaster 224 

^. omoWi (GoldfiiflB) 243 

E. etfelensia (Schdnd orf ) 244 

E, goldfusn (Schondori) 243 

E, grayx (Spencer) 245 

E. petaloides (Simonovitech) 243 

E. petaloides gosloariensis (Halfer) 243 

E. pontis (Clarke) 244 

E. roemeri (Sch6ndorf) 244 

E. schmidti (SchSndorf) 244 

E. tUchheinianua (Roemer) 244 

Eoactis Spencer. See Urasterella 173 

E. simplex Spencer. See Urasterella ffirvanensis 186 

Boluidia Stilrtz 262 

E, decheni StVirtz 262 

Eophiura Jaekel 222 

E. hohemicaf new species 222 

Eophiurites Startz=i;oZuMKa 262 

E, decheni (StQitz)=Eoluidia decheni 262 

EospondyluB Gregory 263 

E, primigenius ( S tiirtz ) 263 

Etherid^aster Gregory =J/ona«ter 170 

E. clarhei Gregory =lfon<Mter darhei 172 

Eudadia Woodward 276 

E. (f) heecherif new species 278 

E, johnsoni Woodward 276 

E. woodwwrdi SoUas 277 

Eu^aater 'QdM—Eugasterella 237 

E. condnnus Bingvieherg—Eugasterellaif) condnna 239 

E, logani HBH^EugastereUa logani 238 

Eugasterella, new name 237 

E. (t) condnna (Ringueberg) 239 

^. io^ani (Hall) 238 

Euryale anmilatum DeKay. Apparently a lysophiurid. See Hall, Pal. N. Y., 

vol. 3, 1S61, p. 134 (nomen ntuhLm). 

Euthemon Sollaa 279 

E. igema Sollas 279 

Furcaster St(irtz 261 

F. (f) daoulasenns (Davy) 261 

F, paUeozoicua Sttirtz 261 

Gregoxiura Chapman 233 

0. spryi Chapman 234 

HaUaster Sttirtz 254 

H.f orbed {BaH) 255 

Helianthaster Clarke (^sai^^^Palseoaolaster 209 

HeUanthaster Boemer 159 

H. filidformis Woodward 160 

H, gyalum ClBike^PaUeosoUuter (f) gyalum 210 
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Page. 

HelianthasUr gyalum Clarke (jpaj^)=Lepida8terella habcocki 160 

H.f new species Claxke^Lepidasterella babcocki 160 

H. rhenanns Roemer 159 

H, roemeri (j\aik&=Palseo9ola8ter roemeri 211 

Kifringeraater Stilrtz=Lind8trd7naster 148 

H. antiqua Stiiitz=:Lindsird7na8ter antiquus 149 

Hadsonaster StOrtz 53 

H. baUuri, new species 65 

H, incomptus (Meek) 61 

H, matutinus (Hall) 57 

H. wilUri, new species 60 

H. narrawayi (Hudson) 59 

H. mgosus (BillingB) 64 

Jaekelaster Sttirtz 192 

/. petaliformU Stflrtz 192 

lApworthura Gregory 250 

L. qflmdrioa ParkB= Txniaster qflindricus 220 

L. imitom (Salter) 251 

L. 9olUui Spencer 251 

L. (f)flp 251 

I-epidaBtor Forbes 158 

L. grcofi Forbes 158 

LepidastereUa, new genus 160 

L, babooekif new species 160 

Lindstrdinaster Gregory 148 

L. antiquus (Hisinger) 149 

Loxiolaster StOrtz 201 

L. miraW« StQrtz 201 

Kednsaster StClrtz 212 

if. rft«uinufSt1irtz.; 212 

XesopalsBaster, new genus 74 

M.{f) aeuminatus (Simonovitsch) 93 

M. if) antiquus (TiooBt) 86 

1^. 6<«ttZt« (Billings) 91 

M. caractaei (Gregory) 92 

M,(f) cataracUnm, new species 89 

J^.(f)ciarK (Clarke and Swartz) 94 

l^.(f)diiW«»(Mmer and Dyer) 85 

l^.JiTUfi(Ulrich) 81 

M, ffranti (Spencer)...^ 89 

M. intermedixu^ new species 79 

M. (f ) laneeolatu»t new species 82 

if. (f) parviuscultu (Billings) 87 

M. jjToavitus, new species 83 

M.thaff€n(BaXl) 77 

M,{f) wilberanus (Meek and "Worthen) 84 

momaster Schdndorf 96 

M. drevermanni Schdndorf 96 

ICospondTlus Gregory 263 

M.rh€nanuB (Stiirte) 263 

Honuter Etheridge 170 

Konaoter Gregory ^Australaster 72 

If. ctorfci (De Koninck) 172 




, Promopaljeaster bellulus; 2, P. bpinulosus. 

Fofr tx^mMTioK of puii bee «a£ J94. 
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treas, the interhraehial Tnarginala. Or the adambulacrala may enter into the 
constniction of these areas, forming interhraehial adambulacraU. When the adam- 
bulacrals and inframaigbals are separated by small plates, the latter are called 
aec^swry interbraehiaU; they may extend almost to the distal ends of the rays. 

mierraduil, 

A point half-way between the perradii. The interambulacral areas are inter- 
radial in position. See Perradial. 

hUerradial plates. 

These abactinal plates are rarely retained in living mature staifishes. In many 
Paleozoic genera they are laige, interradial in position, five in number, and 
lie inside the basal or proximal supramaiginals and between the primary radials. 
They may be homologous with the basals of crinids. They are also known as 
ffenitals. 

Madreporite or madreporic plate. 

A sieve-like or spongy plate, with many irregular openings for the circulation 
of sea water into the so-called **8Ume canal, " or better, into the water-vascular 
system. It is commonly granular or striated, and in Asteroidea is abactinal 
on the disk, basally situated between two rays, but in the Auluroidea is prob- 
ably always actinal in position. In recent multiradiate forms there are species 
with more than one madreporite. ' 

Marginal plates. 

In general the plates which make up the marginal columns bounding the rays, 
or disk, or the entire animal. They are parts of the primary skeleton. In ^e 
early Paleozoic genera the inframarginal and supramarginal columns are usually 
not directly superposed, nuJdng one column of superposed halves as in Meso- 
soic and Recent starfishes, but the former column lies outside or laterally of 
the latter. The inframaiginals are then the true marginals, and form a part 
of both the abactinal and actinal sides. In the primitive arrangement the 
inframarginals adjoin the adambulacrals, but in derived forms with large pen- 
tagonal disks they are separated from the latter by accessory interhraehial plates. 
The situation of the marginals is, however, not always at the margin of -the 
disk and rays, but they may retain their primitive position beside the adam- 
bulacrals; 1^ is more especially true in forms having a well-developed pen- 
tagonal disk. These plates are also referred to as m/xrginalia, supramarginaliaf 
and injhtmarginalia. 
In some forms the supramarginals are not recognizable as such, while the infra- 
marginals are well-developed; and in others none of the marginals are distinctly 
discernible. Sometimes the plates of the inframarginal colunms adjoin one 
another, while those of the supramarginal series are separated by small acces- 
sory supramarginal pieces. Then the inframarginals may be separated from 
the supramarginals by ambital ossicles (see Amhital) . A proximal supramarginal 
is the proximal plate of a column and may not be homologous with the primary 
supramarginal in primitive forms. Proximal injmmarginal is used in a simikur 
way and refers to the proximal axillary plate, two of which of adjoining col- 
umns occupy an axil or lie on either side of the axillary marginal. The latter 
in primitive forms alone occupies the angle between the rays. The marginalB 
in large disks without angles may be termed dish infra- and supramarginals. 
The large disk of some species is formed by the oral crowding of pairs of 
proximal inframarginals, the interhraehial marginals. 

Measurements. 

The size of starfishes is usually given in millimeters along the greater and lesser 
radii, that is, from the center of the mouth or disk to the tips of the rays. The 
symbol for this line is R. The smaller radius is from the center of the animal 
to the center of the interradii; the symbol is r. 
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Schuchertia8Ullata(BiUiDgp) 196 

Siliiraster Jaekel 65 

S . perfectiLS Jaekel 66 

Spaniaster Schdndorf 95 

S. latiscutcOus (Sandbeiger) 96 

Squamaster Ringuebeig 249 

S , echinatus Ringueberg 249 

Stenaster Billings 163 

Steuaster Billings (part)= Urasterella 173 

S, (f) conflueru Trautschold 167 

5. (f) coroTwZia (Salter) 167 

S . ffrandia Meek = Urasterella grandis 180 

S. huodeyi Billings= Urasterella huzUyi 182 

8. (f) o6«u«M (Forbes) 167 

S, jmlchellus Billing6= Urasterella jmlchella 178 

S. salteri Billings 165 

Stiirtzaster Etheridge 252 

S.colvini (Salter) 253 

8. cygnipes (Salter) 253 

8. marstoni (Salter) 253 

8. (f)mitc^«i Etheridge 254 

Stlirtzura Gregory 236 

8. brisingoides (Gregory) 236 

8. leptosoTna (Salter) 237 

8, leptoscmoides Chapman 237 

Syxnpterura Bather 256 

8, minveri Bather 256 

TfiBZiiaster Billings 216 

T. aiustralis McCoy =8tUrtzura brisingoides 236 

T. cyKrwfrici^ (Billings) 220 

T. «fc^arw Miller 221 

T. meafordensis Foerste 221 

T. schohariae, Ruedemann 220 

T, spinosiLS (Billings) 219 

TsBniura Gregory= Tssniaster 216 

T. cylindrica Gregory= Tsmiaster q/lindricus 220 

Tetraster Nicholson and Etheridge 167 

T. asperrimus Nicholson and Etheridge^ Urasterella ( f ) asperritna 187 

T. (f) imhricatus (SsAter) 169 

T. sp. indet. Nicholson and Etheridge^ Urasterella girvanensis 186 

T. wyville-thomsoni Nicholson and Etheridge 168 

T, wyviHe-tJiomsoni Nicholson and Etheridge {p8ixt)= Htubonaster batheri 65 

Trexnataster Worthen and Miller 247 

T, (f) decheni (Dewalque) 248 

r. di^'Zw Worthen and Miller 247 

Trentonaster Stiiatz=Schuchertia 195 

T. sullata Stiicrtz—8chuchertia stellata 196 

Trichotaster plumiformis Wright. A lO-rayed asterid from the Wenlock lime- 
stone at Dudley, England, in the collection of Dr. Grindrod. Insufficiently 
described to be regarded as defined? See Quart. Joum. Geol. Soc., vol. 29, 
1873, p. 421; also Woodward, Geol. Mag., dec. 2, vol. 1, 1874, p. 7 (listed as 
Trochitaster plumiformis). 

Tximeraster SchOndorf t 134 
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Pagoi 

TrimeratUr parvulua Sch6iidorf 134 

Trodnuuter plwntformM Wrights IVieAototfter plumiformis. 

nranaAter Gregory 154 

U. eiizm Spencer * 155 

17. KnoAoni (Baily) 155 

Urasler kirudo Forbe8= UrasUrella hxrudo 188 

U. obiuna Forhee='8tenaster (f) ohtums 167 

U. primasvuM FoThee=P(dasterma prirnava 153 

17. ruthveni ForbeB=s Unuterella ruthveni 187 

Urastcorella McCoy 173 

Urastcorella StOrtz 199Z^8unaater 163 

U. {?) capemma {Salter) 187 

U, asperula (Roemer) 188 

U. (?) amiUllata (Thorent) 187 

U. girvanensiSf new species 186 

17. gnmdia (Meek) 180 

CT. Atnoto (Forbes) 188 

17. Attxfcyi (Billings) 182 

U. montana (Stschurowsky) 189 

U,y new species 189 

17. pufcfceZio (Billings) 178 

U. nahveni (Forbes) 187 

17. M/ii^i McCoy 188 

CT. uindd, new species 183 

Xe&aster Simonovitsch 129 

X. cKtpor SchOndorf 131 

X- d^ans SchSndorf 131 

X. eudiaris Schondorf=D6V07uufer eucharis 98 

X. moargarilaivs Follniann=^. elegans 131 

X. marfforitatus Simonovitsch 131 

X. margariuuus Simonovitsch (part)=X. dispar and Agalrruuter grandis 131, 132 

X. (?) rhenanus Oamer) 131 

X. nmpUx SimonovitschsiSpanuutcr htUcuXatus 96 

REMARKS ON THE DEVELOPMENT OF PALEOZOIC STELLEROIDEA. 

Geological. 



Distribviion. — This memoir treats of the foUowing Paleozoic 
Steileroidea: 





0«nera. 


Species. 


North 
Amerl- 

csn 
species. 


Euro- 
pean 
species. 


Southern 

Hemi»> 

phere 

species. 


AfitniAm 


45 

30 

1 


110 

59 

6 


51 

18 

5 


53 

36 




6 


-^QnlPOUBA. 


5 


OpMnnidfla. . . , , . 
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76 


174 


74 


80 


11 
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Arranged geologically the distribution is as follows: 
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Upper 
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Asteroidea 
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16 

17 




36 

24 
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Total 


61 


33 


60 


14 
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Of all of the Paleozoic Stelleroidea (174 species), not a single one 
is common to North America and Europe. Of genera having specific 
representation in n^ore than one continent there are the foUowing: 
Huisombster, 5 in America, 1 in Scotland; Mesopalseaster, 13 (7 doubt- 
ful) in America, 1 in England, ? 1 in Germany; Petrasterj 3 in America 
(1 doubtful), 1 in Australia; Stenaster, 1 in America, ? 1 in Ireland and 
Wales, ? 1 in England, ? 1 in Kussia; Urasterella, 5 in America, 1 in 
Scotlwid, ? 1 in Wales, ? 1 in France, 2 in England, 1 in Australia, 
1 in Germany, 1 in Russia; Palaeosolaster, 1 in Grennany, ? 1 in 
America; Protaster, ? 2 in America, 1 in England, 2 (1 doubtful) in 
Wales; TremataMer, 1 in America, ? 1 in Belgium. Of Ophiuroidea, 
none have wide distribution. 

Nearly all of the species have very short geologic ranges, but very 
few occurring in more than a sii^e formation. Mesopdlsecuier 
intermedius ranges from the ? Utica to the Maysvillian, M. shafferi 
from the Maysvillian to the Bichmondian, Alepidaster JlexiLosiis from 
the basal Edenian to the upper Maysvillian, Hudsonaster incomp- 
tu8 from the Edenian into the Bichmondian, PromopalaeaMer mag- 
nijicus and Petraster speciosus from the Maysvillian to the Bich- 
mondian. 

These tables also show that the Ophiuroidea do not begin earUer 
than the Lower Carboniferous (Burlington) and that the Auluroidea 
cease to exist after the same period, for none are as yet known in the 
Upper Carboniferous or Permic. The latter attained their maximum 
of development in the Siluric and Devonic, with very rapid decline 
in the Lower Carboniferous. 

The great development of Asteroidea in the Ordovicic is due to the 
marked specific evolution of the genera MesopdUeaster and Promo- 
pdlseaster in North America. This knowledge is the result of care- 
ful work by local collectors in areas aboimding in good fossils. On 
the other hand the marked rise in specific representation in the De- 
vonic is due to the protracted collecting in the earlier beds of this 
period, the roofing slates of Bxmdenbach, Germany. 

Preservation and occurrence, — Starfishes are most often preserved 
in sandstones and mudstones and least often in limestones. The 
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reason why they occur less frequently in limestones is partially 
accounted for by the fact that during the weathering process they 
are almost always ruined. Those foxmd in such deposits nearly 
always occur in the thin shale partings between the bedded limestones.. 
In coarse sandstones they are less often seen, probably because these 
sediments are so much moved by the storm waves — action that 
destroys the skeleton by separating the plates. Unless a starfish 
is qiuckly covered by sediment it is sure to be broken up and jumbled 
into a mass of unrelated osdcles, because the skeletal parts are rarely 
coossified. Hence the best preserved specimens are found in mud- 
stones and especially in the fine-grained, somewhat muddy sand- 
stones. Here they usually occur as fine molds, since all of the calcium 
carbonate has been dissolved out by the atmospheric waters. Such 
material is apt to be fairly abimdant in individuals, and although a 
little difficult to study is often well preserved. Its interpretation is 
dependent on artificial casts or squeezes in wax or gutta-percha. 
When found in black slates, as at Bundenbach, the skeleton is pre- 
served in iron pyrite, and even though these sediments have been 
subjected to mountain makiog, the specimens can be cleaned me- 
chanically of the adhering slate. The process is, however, a laborious 
one and has been successfully used only by Sturtz and his two prep- 
arators. In the calcareous shales asterids are often well preserved, 
with the original skeleton more or less permineralized and the ossicles 
cemented together so that parts of the individuals weather out as 
free fossils. This is particidarly the case in the Richmondian deposits 
of Ohio and Indiana. 

As a rule, starfishes are obtained in single specimens and as acci- 
dental finds, and for this reason they are among the rarest of known 
Paleozoic animals; they are the "fancy fossils" of the local collectors 
and the ''choice specimens " of the musetmis. All of this is, however, 
due to the accident of preservation plus their great destruction 
through weathering. That starfishes and ophiurids were common, 
though probably not so abimdant as aulurids, is proven when they are 
located in their entombing sediment and then quarried for. This 
is best seen in the well-known Lower Devonic slates of Bundenbach, 
where the quarrying for roofing material has produced as many 
starfishes as all other localities put together. A great variety 
has also been secured here, so that it is the only locality and time 
of which we can say that we know the starfish fauna. The most 
remarkable starfish find, however, is that made near Saugerties, 
Xew York, where over 400 examples of the Middle Devonic 
Devofuuter eucharia were found in a fine-grained, somewhat muddy 
sandstone, extending over an area of 200 square feet. They occur 
as natural molds, and as the animals are found closely associated 
with Orammysia, it is thought that while feeding on these bivalves 
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they were suddenly entrapped by the engulfing sand. In the 
Grinid bed of the Keokuk formation at Grawf ordsville, Indiana^ the 
ophiurid Onychaster flexUis is also often met with. 

Aulurids, although as a rule not well preserved, are probably more 
often seen than starfishes, and certainly are far more abundant than 
ophiurids; The latter condition is, however, probably explained by 
the fact that no ophiurid is known older than the Carboniferous. 
Of the aulurid Txniaster degans 31 individuals occur on one small 
slab. It is probable that if aulurids and asterids were systematically 
dug for, a far greater harvest would result than that now at hand. 
Whenever such specimens are found in place, such prospects shoiild 
be followed up by digging or by prolonged search on the part of the 
local workers. 

It is very seldom that a Paleozoic asterid is so well preserved that 
all of its parts can be made out, and this is especially true as regards 
the dorsal side. During the decay of the animals it is probably 
true that in most cases the individual lies with its ventral side down, 
and as the soft parts vanish the dorsal skeleton sinks in irregularly 
over the actinal skeleton. It is the central region of the disk that 
suffers dismemberment most. Then, as the two sides of the skeleton 
finally come to be fully compressed, the rays take on an unnaturally 
great width, so that in many of the fossils preserved in shales the 
ambulacral furrow is considerably wider than in nature. For 
these reasons it is often impossible to say whether the ambulacralia 
are of the opposite or the alternate arrangement, and what was the 
original structure of the disk and the interambulacral areas. 

ASTERID EVOLUTION. 
Gbnb&al Obsbbyations. 

The majority of the starfishes studied by the writer are from 
the Ordovicic strata of North America. Collectively these show 
considerable evolution, for at this early time in the history of the 
earth Phanerozonia, Cryptozonia, and primitive ophiurids (=Aulu- 
roidea) are present. Even near the base of the Middle Ordovicic 
the two former groups appear to be equally common, while the 
aulurids are as a rule rare and small, though there are occasional 
large ones. Here the primitive phanerozonian asterids are also smaU, 
hardly ever exceeding 15 mm. in diameter, while the derived and 
fax more complex Cryptozonia are large, some of them having rays 
exceeding 50 mm. In the Lower Ordovicic of America no starfishes 
are known, while the few that have been reported from Great Britain 
appear to the writer to be from the Middle Ordovicic. 

These facts show that in spite of their absence in Lower Ordovicic 
rocks there must have lived at that time various kinds of starfishaa. 
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Not only this, but we may confidently add that the varied organi- 
zation of those of the Middle Ordovicic proves that there is a long 
previous history of which paleontology knows nothing. The origin 
of the Asteroidea goes back in all probability to the Proterozoic, as 
may be inferred from the complex metamorphosis of the starfish 
larva. In all of the Cambric^ however, not a single starfish has been 
found, and this is the more surprising when one considers the abun- 
dance of life unearthed from these sediments in so many places 
throughout the world. This may mean that a preservable starfish 
skeleton was not evolved until Lower Ordovicic time, where they 
win surely be found. 

The mogt primitive fossil starfish. — Of the Ordovicic starfishes, the 
genus HudsonOcSier is the most primitive, but with the full quota of 
parts in the primary skeleton that an unmodified or unspeciahzed 
starfish must have. Among Hving starfishes this primitive skeleton 
is rarely seen, but occurs in Heterasterias volsellata, ''and in a few 
otherspecies, especially when young" (Verrill 1914: 27). There are 
other genera with a simpler skeleton (Stenaster and Tetraster), but these 
are clearly cryptozonian forms that have originated in a phanerozonian 
stock not unlike HudsoncLster. The oldest Hudsonasters (see plates 1 to 
6) are small animals about 10 mm. in diameter, with thick, highly con- 
vex, closely adjoining plates, all of which are devoid of spines ex- 
cepting the adambulacrals, which have simple, minute, articulating 
spines. On the ventral side there are in each radius double columns 
<rf rectangular ambulacralia, with the pieces of each ambulacrum 
arranged opposite to one another, or nearly so. Outside of these are 
single columns of adambulacralia of about the same number as the 
ambulacrals; they are, however, somewhat larger and more trans- 
yerse. These are laterally bounded by much lai^er, highly convex, 
granulated, very prominent marginals, which, as they border the 
AnimftU and are simple ossicles (there are not here two superposed 
marginalia as is so common in living forms), are the inframarginal 
colunms. In the axils of the rays Ues a single large marginal plate, 
the axiUary, and these occupy the entire interbrachial areas. Around 
the inner sides of these axillaries the adambulacralia continue, the 
two basal pieces being the largest and the essential elements of the 
oral armature. AH of the ventral ossicles are, therefore, seen to be 
of the primary skeleton. 

On the dorsal side of Hudsonaster, the rays have medially promi- 
nent colunms of radials, while on each side of these are other colmnns 
of thick ossicles, alternating with the radialia, and these are the 
supramai^inals. The former ossicles continue closely adjoining to 
near the center of the disk, where lies a single large plate usually called 
in this memoir the central disk plate, or, more rarely, the centre-dorsal. 
In the same way, the supramarginals abut in the axils upon a single 
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large ossicle, the basal supramarginal plate. It is thought that the 
ancestors of Hvdsoruister had a dorsal disk skeleton made up of a 
centro-dorsal, a first ring of 5 primordial radials, and a second ring 
of 10 plates, 5 of which are the second radials, and 5 interradial 
pieces, the primordial supramarginals. In HvdsonoHer, however, 
some progression has taken place in the disk in the way of increase 
of size. Therefore additional ossicles of the secondary skeleton have 
developed to take up this space, these accessory disk pieces being 
inserted between the centro-dorsal and the first ring of primordial 
radials. Such a development of a small number of accessory pieces 
here is a hint of f utiu^e complexity and the rise of the secondary skel- 
eton, and we shall see how in later and derived genera their number 
becomes multitudinous and their places of insertion nearly everywhere 
in the older portions of the skeleton between the columns of ossicles. 

The supramarginals do not margin the animals, but lie inside the 
inframarginals and axiUaries which do margin Hudsanaster and most 
of the Paleozoic asterids. 

From Hudsonaster to all other progressive asterids of the Phane- 
rozonia type, the change lies mainly in the increasing number of the 
ossicles, relative decrease in the size of the plates, introduction of 
many new series of accessory pieces, absorption and removal of 
others, with a marked general tendency to break up the stiff and 
ponderous inherited skeleton into one of small pieces, thus affording 
greater flexibility and greater podial strength through the endless 
dupfication of ambulacral parts. These developmental tendencies 
take place more especially on the dorsal area and are further accent- 
uated through increase of body cavity, which demands an enlarged 
skeletal covering. The disk widens, and along with it the proximal 
parts of the rays, so that interbrachial areas are also affected, until 
finally in more than one phylum pentagonal asterids result. The 
interbrachial areas are dorsaUy increased by the insertion of acces- 
sory pieces between the infra^ and supramarginalia, and ventrally 
by the crowding into these areas of, first, the single axiUaxies, and 
then more and more of the oldest inframarginals in pairs, assisted 
also here by the development of accessory ossicles. 

Origin of (ke wriggling type of starfish. — ^From H^udsonaster to the 
other progressive asterids of the Cryptozonia type the evolutionary 
tendencies are in the same directions, but here even greater flexibility 
appears to be the main stimulus. Accordingly, the entire dorsal skel- 
eton tends to break up into small loosely adjoining pieces and finally 
even into a spicular spinose mesh. In these forms the ossicles of the 
primitive columns are no longer discernible as such, and this tendency 
is very apt to be likewise true of the primordial disk plates. On the 
ventral side the inframai^als are no longer wholly present as such, 
but may be here mixed up with the dorsal skeletal complex. How- 
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ever, some of these plates are at times retained in the interbrachial 
areas as large pieces, and in many forms they are still to be made 
out clearly on the sides of the growing distal ends of the rays. Here 
the inframarginals occur as columns of tiny closely adjoining ossicles 
situated directly beside the adambulacrals, and in a few cases the 
whole five primary dorsal columns (one radial, two supramarginal, and 
two inframai^inal) can be made out without any accessory pieces be- 
tween them. In other words, a Paleozoic cryptozonian may retain 
the marginals throughout life, but because of their small size and 
isolation one from another by accessory pieces or because of intense 
spiculization, they are no longer recognizable as such. The classifics- 
tory value of the presence or absence of marginalia is discussed else- 
where (under Cryptozonia), and as the inframarginals are seemingly 
or actually lost independently in a number of phyla the term is 
here used as expressive of this condition, and not necessarily of 
relationship. 

Spencer (1914:9) takes up the origin of the wriggling habit from 
another point of view, that is, from a study of fiving Stelleroidea as 
described by MacBride. The former states that the Uving forms can 
be grouped into two divisions as follows: 

The gnupera. — Aateroid forms in which the tube-feet are naed for waUdngy and for 
gnflping and pulling open the bivalve shells of the mollusks upon which they usually 
feed. The ambulacialia form an arch to take the pull. 

The wriffglen.-^'ptdnroid forms in which the tube-feet have lost locomotory powers 
and become much reduced. The animals progress by wriggling movements of the 
urn, and the ossicles of the ambulacral groove are extensively modified for this pur- 
pose. The food is pushed into the mouth by the first two pairs of tube-feet, which 
become considerably enlarged and are known as buccal tentacles. 

If we trace the history of the forms backward we find that the difference between 
them tends to disappear. Both the * * graspers ' ' and the * * wrigglers ' ' descended from 
a third group, which I call provisionally '' the primitive Asterozoa.'* 

The postulated '' primitive Asterozoa" above referred to are based 
upon the earUest stages of growth of starfishes, and had the following 
characters. The animals were attached to the groimd by a well- 
developed, flexible stalk (seen in Asterina and Asterias) ; the disk 
was small compared with the five arms. In connection with the 
water-vascular system there were two series of ossicles, ( 1) a double 
column of flooring pieces forming the sides of the ambulacrum, and (2) 
a paired covering series as a protection to the soft structures imder- 
neath. The podia emerged between the flooring pieces and these at 
first ^'were arranged not exactly opposite to each other, but shghtly 
alternating, and in consequence we find that both the flooring and 
covering plates, which are in direct association with the podia, are 
not exactly opposite, but arranged alternately." 
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The rays terminated in s single ossicle vith an unpaired tube-foot 
that later developed at its outer end a pigment spot and finally an 
"eye." 

At last the animal lost the stalk and moved about freely as the 
primitive asterozoon. The flooring plates changed into ambulacralia 
and the roofing plates into adambulacralia, while the tube-feet were 
used not for grasping and crawling but for passing small particles of 
food to the mputh. 
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The asterid radide. — Bud3<master is held to be very near the radicle 
that gave rise through modification and inheritance to all subsequent 
Stelleroidea. A study of the various species and specimens of Hvd- 
sonaster, reinforced by the chronogenesis of this genira and the de- 
velopmental stages in the individuals, which are discernible in the 
youthful distal ends of the rays when contrasted with the mature 
proximal region of the same, has led the writer to speculate on the 
probable skeletal characters of the radicle of the Stelleroidea. An 
analysis of mature H. matutinu^ and of half-^own H. ineomptua 
shows that their ancestors must have been devoid of all disk accessory 
pieces, or for that matter of all secondary ossicles, since it appears 
that it is on the disk that these plates first arise. Further, the 
same material indicates that the younger the individual specimen, 
or the older the species geolo^cally, not only the smaller is the 
specimen, but the fewer plates has it in any coluinn. As the 
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oasicleSy other than those of the disk, the interbrachial areas, and the 
accessory pieces, are introduced in all the columns at the distal ends 
of the rays, we are pennitted, in theorizing as to the characters of the 
radicle, and from what has been learned from Hvdsonaster, to elimi- 
nate an of the rays with their ventral and dorsal ossicles down to 
the disk. If this is done, there finally results a tiny depressed and 
manmullated spheroid, made up dors^y of 11 primary plates, and 5 
marginal axillaries, and ventrally of a limited number of adambu- 
lacrab and ambulacrals around the mouth. To make this matter 
clearer, two diagrams are presented of the probable characters of the 
direct ancestor of Hudsonaster (see 
figs. 1 and 2). 

By taking away the rays down to 
near their bases, i. e., to B2, and 
correspondingly decreasing the size 
of the primordial supramarginals, we 
get thedorsalstructure of a late stage 
of the probable typembryo of the 
Stelleroidea, as illustrated in fig. 3. 

If all of the ray plates are com- 
pletely removed, we app^ently get 
the t3^pembryo of the class Stelle- 
roidea, as illustrated in figs. 4 and 
5. It should be stated here, how- ^^- 3.-dobsal view or theoretic typem- 

4-1. 4- 4-Vi "k ^ -tlx A BETO OF STELLEBOIDEA AT THE BEGINNINO 

ever, tinal; tne numoer ol t/ne adam- of eat development, the primordial sup- 
bulacrals and ambulacrals in fifiiire »amabqinals here have on each side the 

. x» 1 ' 1. 1 xiT^ 1. basal pieces of ten supramarqinal col- 

5 IS entirely conjectural, tnougn umns. cd, centro-dorsal; ri, primordial 
these Dlates and those of the mouth *^^' ^*' ^^^ raj>u.l; ami, dorsal in- 

^ *^ xVijAxJi terradial or primordlll supramarqinal; 

frame are among the nrst to develop at, beqinninq of supramarqinal columns. 
in living forms. 

If the developmental views just stated are correct, it follows that 
the five branches of the water- vascular and nerve rings of the typ- 
embryo of Stelleroidea grow outward along the radii, developing as 
they grow the rays or arms with their dorsal and ventral skeletons. 
In other words, the growing tips of the radii spread outward beyond 
the disk, and each one gives rise to nine columns of ossicles (one 
radial, two supramarginal, two inframarginal, two adambulacral and 
two ambulacral) . The radial plates continue as simple colimms, while 
upon the primordial supramarginals and the axillaries rest pairs 
of columns, the supramarginals and inframarginals, respectively. 

In Echini, however, the growing tips of the radii do not spread 
beyond the disk (apical disk of oculars and genitals) but remain 
internal and give rise to new ossicles, the ambulacrals (satne ossicles 
in Stelleroidea) and interambulacrals ( » adambiilacrals of Steller- 
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<ndea), all of which appear from underneath the Tentral edges of 
the oculars, each plate in turn bdng pushed orally*. 

In any event, whatever the pTe-Hudaonaster evolution was, we 
are on safe ground in indicating what the developmental changes 
were, starting with this genus. We will not take up all of the skele- 
tal parts and discuss them in detul, but will attempt only ihs mote 
essential portions. 

Ontogeny. — Ontogenetic stages of development in tjie osades 
of asterids can readily be made out to some extent in any well pre- 
served specimen. The variations can best be seen in those forma 
with the least number of plates and therefore in the more primitive 
genera. Here all of the primary ossicles are introduced at the tips 
of the rays in the seven primary columns. The youngest pieces are 
also the smallest and the simplest. At first they are globular, 




smooth, and loosely adjoining. Tracing them down the columns, 
the specific characters are seen to develop and finally the basal pieces 
are found to be the most modified of all. This is particularly true 
of the dorsal columns where the most ornate plates are the oldest. 
In the different species of Hvdaonaater one can also trace the changes 
chronogenetically, as for instance in the basal radialia and supra- 
marg^aha. In the oldest species these plates are not at all, or bnt 
very slightly stellate, more so in S. ineomptas, and most so in the 
youngest and largest species, H. rttgo»iis. 

In the stocks with more complex skeletons, the ontogenetic varia- 
tions in the plates can be traced in the same way. However, as these 
forms almost always have more or less of accessory plates that are 
introduced nearly throughout the entire skeleton during the juvenile 
growth and even at maturity, the study is complicated by the inter- 
mixture of ossicles of varying age. 

> an Jwluga, Phrloffor ol tb» Echini, Um. Baton 8oc. Nu. Hbt.. vol. 7, 1»13. 
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Spinosity can also be studied ontogenetically because the youngest 
ossicles do not haye spines^ and when these appear they are smaller 
and less characterized than the older ones situated in the proximal 
portions of the columns. 

Many of the ontogenetic changes obserred by the writer are re- 
corded throughout this work, and their significance in related species 
and genera has been made use of in discerning the phylogenetic 
lines of descent. 

Regeneration. — 'Among living starfishes it is common to regrow 
arms that have been lost through accidental causes. From the 
base of the severed ray a new growing tip is established, forming 
a juvenile arm that gradually grows to full size and assumes 
mature characteristics. Schondorf (1909a: 96-97) states that this 
habit has been pronounced since the Jurassic but that he has failed 
to find marked regeneration in Paleozoic asterids. He did, how- 
ever, note partial replacement of minor losses among the Devonic 
species. Sturtz, who has handled more Paleozoic asterids than any 
other paleontologist, also has not noted a single case of marked 
regeneration. The same is true for the 400 Devonaster eucharis 
found in a limited area of the Middle Devonic of New York. 
Clarke, in describing this find (1912: 44-45), however, does note a 
few specimens '^ which show the existence of only four instead of 
the normal five arms." These are the only examples of four-rayed 
Paleozoic starfishes so far recorded. 

The writer has also been imable to find a single case of regenera- 
tion, but in the Middle Ordovicic cryptozonian VrdstereUa uLrichi 
he describes a specimen with two normally developed rays and three 
short stumps. All of the arms are normal for the species, except 
for the length of three rays and their terminations, which are blunt. 
(See pi. 29, fig. 1.) It seems to him that this occurrence is not due 
to the accident of fossiHzation or weathering, but is an actual case 
of loss in life with subsequent healing of the woimds, but without 
F^eneration of the lost parts. 

During most of the Paleozoic, the starfishes could have had no 
carnivorous enemies other than the cephalopods; as for marine 
fishes, the armored Arthrodires did not appear until the Middle 
Devonic, while the ancient sharks were not common until Lower 
Carboniferous (Mississippic) time. It is possible that regeneration 
among the starfishes is connected with the rise of carnivorous ene- 
mies, but as the habit is so common among living forms it is more 
probable that this power has always been inherent in the class. 
Regeneration among the crinids has been noted in several cases 
where lost distal ends of arms were being replaced by immature 
growths. Such have been seen in the Lower Carboniferous (Bur- 
lington and Keokuk formations) of America. 
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Number and character of rays, — ^In the geologically oldest and the 
most primitiye asterids as well there are always 5 rays^ no multirayed 
form being known back of the middle of Siluric time. In the most 
primitive genus of Phanerozonia, Hvdsonaster, the rays are short and 
stout, there is a large disk without interbrachial arcs, and the skele- 
ton is simple But ponderous. From this type originate those with 5 
slender rays and also forms with more or less lai^e interbrachial arcs, 
the pentagonal starfishes. 

Long, slender, and flexible-rayed genera without marginalia are 
present as early as the most primitive Phanerozonia, i.e., as early as 
the older Middle Ordovicic, indicating that the two main types of 
asterid development arose still earlier. The same is true for the 
ophiurid ancestors (Auluroidea). In fact, slender-rayed Crypto- 
zonia are more commonly seen in the Middle Ordovicic than are the 
Phanerozonia. 

Multi-rayed Phanerozonia with primitive arm construction appear 
in the Middle Siluric (Wenlock) in LepidaMer. This genus has rays 
which are short and stout, reminding one in this respect strongly 
of the primitive 5-rayed forms. An insufl&ciently described 10- 
rayed form (TrichotaMer plumiformis) is recorded from the Middle 
Siluric (Wenlock) of England. In Heliantliaster of the Lower Devonic 
there are from 14 to 16 rays and here they are long and slender, 
while in the Upper Devonic there is a form with only 1 1 rays. Lepid- 
astereUa of the Upper Devonic has 24 arms. 

All of the multi-rayed Cryptozonia have slender rays and rather 
large disks. None are older than the Lower Devonic, where MedusaMer 
has from 12 to 15 rays, Echinasterias 25, Pdlxosolaster 27 to 29 
(an Upper Devonic species referred doubtfully to this genus has 24 
or 25), EchinosteUa 28 or 29, and Echinodiscaster 29. 

Curiously, no multi-rayed starfish is known in the Paleozoic later 
than the Devonic. Further, the arms may be either odd or even in 
number in the same genus or even species. How the living multi- 
rayed starfishes introduce their rays is explained under Palseosolas- 
terid» (p. 207). 

Verrill (1914: 12-17) holds that the multi-rayed forms arose as 
" 'sports,' which have persisted by heredity and natural selection 
because they were advantageous." The advantage lay in "the 
increased number of ambulacral sucker-feet." Most of these forms 
are now living in shallow water among the rocks exposed to the surf. 
He states: " This is true of the seven species of Hdiaster, with very 
nmnerous rays; and of Pycnopodiay with 20 to 24 rays; and of the 
various shallow-water and littoral species of Solaster and Grossastery 
which usually have 9 to 15 rays (rarely 8 or less). It is also true of 
the numerous 6-rayed species of AateriaSf Pisaater, and allied genera." 
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On the other hand, the increase of rays is more probably due " to 
the advantage gained in holdmg their food securely, and in opening 
bivalves, than for holding to the rocks, though both go together." 

"The abihty to cling tenaciously to rocks may be perfected in 
other ways, involving: equally an increased number of sucker-feet. 
This is ofS attained by lengtbening the rays, * * * by crowding 
the suckers into more than four rows, * * * and by increasing 
the size and strength of the suckers." 

Deyelopiient of the Pabts. 

Anv£. — ^In all Uving starfishes the anus apparently Ues in the next 
interradius to the right of the madreporite, or in the direction as the 
clock goes, but in no Paleozoic asterid is there positive evidence of 
an anal opening. However, it is extremely rare in these forms to find 
the disk so well preserved as to make it possible to locate so small 
an orifice. In certain specimens of Hudsonaster, immediately adj acen t 
to the centro-dorsal plate, there is an open space that either is the 
anal opening or where a plate has dropped out in fossilization. 
Schondorf has also failed to find this structure in the German Paleo- 
zoic asterids, but has indicated its probable position in Spanidster 
(see fig. 8) and CaMoMereTUi. 

Madreporite, — ^In more than half of the Paleozoic asterids the 
madreporic plate has not been seen. In many cases this is due to the 
infallen condition of the disk skeleton and the jiunbled state of the 
ossicles; in others it is due to the fact that it is so small as not to be 
readily distinguished among the mass of other small plates. Finally, 
a great number of asterids are known only from the actinal side. 

The madreporite in size varies from minute to very large and 
ponderous. It may be round, oval, or many-sided, concave, and 
depressed beneath the disk pieces, or protruding cone-shaped (Petras- 
tar). As a rule, it is marked by striations that are coarse or very fine, 
straight or wavy lined, or it may be crenulostriate or with granular 
surface. In Petraster the surface canals enter into two spirals that 
carry the water into the stone canal. In Uving forms with more 
than six rays there may be two or more madreporites, but in no 
Paleozoic species has more than one been seen. 

In all of the Paleozoic phanerozonians the madreporite appears 
to be always dorsal in position. In the most primitive genus. Hud-- 
soTuuter, the plate may be large and conspicuous or at times can not 
be made out even when the disk is fairly well preserved. In no 
Mesapalseasier has this sieve plate been seen, although good speci- 
mens are at hand, a condition probably due to its small size among 
the small skeletal pieces of this genus. In Spaniaster it is very small. 
In PromapdlsBaster the madreporite is usually conspicuous and large. 
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and the same is true for Xenaster aud Agahnaster. The plate is also 
known in PdbeaMer, Devonaster, Neopalaeaglerj and Pahtgteri'na. 

In multi-rayed phanerozonians the madreporite is unknown in 
LepidoMer and LeptdaMereHa. In HeliaTUhagter it is large, conspic- 
uous, and situated on the edge of the disk, more actinal than abac- 
tinal. On the other hand, in the cryptozonian multi-rayed genera 
the madreporite is apparently always actinal and more or less large, 
as in PaidBosolaster and Echinodiscaster. This plate is probably also 
always actinal on laige-disked Cryptozonia such as Palasteriscus 
(plate enormously laige), and Cheiropteraster (here small and situ- 
ated near the mouth). 

Among the five-rayed Paleozoic cryptozonians the madreporite 
is known only in Monaster (laige), UraMereUa (medimn), and J aeJcel- 
aster (small) . In all it is always on the abactinal area. 

From this evidence we see that in the five-rayed Phanerozonia, 
forms that are more or less rigid, the madreporite is always on the 
dorsal or upper side of the animals, this being true for the deeply 
stellate as well as for the pentagonal species. In the multi-rayed 
genera, however, there is a marked tendency for this plate to move 
outward to the edge of the disk. In the five-rayed cryptozonians 
the madreporite so far as known is always dorsal, but in the large- 
disked or pentagonal forms and the multi-rayed species this plate is 
apparently always ventral. 

Spencer (1914: 35-38) says that "many Paleozoic Asterozoa do not 
appear to have a madreporite" and he is '^inclined to regard this, 
in these old forms, as usually a primitive feature." The present 
writer, it is true, states above that in more than half of the Paleo- 
zoic asterids the madreporic plate has not been seen. This is due in 
most cases, however, to poor preservation, and in others to the fact 
that the plate is so much like the other disk plates as not to be dis- 
tinguishable from ohem. Spencer concludes further that it appears 
that the madreporite originated on the ventral side, or at least was 
marginal, in the primitive forms, and that it passed over in later 
Asteroidea to the dorsal side. In HudsonaMer we have the most 
primitive known starfish, and here in H. incomptus it is a laige and 
conspicuous plate on the abactinal side. Further, the evidence of 
the Paleozoic starfishes (Phanerozonia), so far as the present writer 
knows them, is that this plate is always dorsal in position, and he ia 
inclined to the view that all of them had the madreporite, that it 
originated on this side, and that in later cryptozonian multiradiate 
forms it moved outward to the margin of the disk or to the actinal 
surface. In regard to the Auluroidea, the writer has seen the 
madreporite so rarely that no deductions as to its original position 
in these fonns can be made. 
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Spitumiy. — ^In general, it can be said that spines are least developed 
in the heavily plated Phanerozonia, more so in those forms where 
the dorsal skeleton is made up of small ossicles in abundance, and 
fully in most of the Cryptozonia stocks. 

In primitive Hvdsonaster, aU of the plates other than the am- 
bulacrals are more or less well tuberculated, and these granules do 
not now carry spines, if they ever did. In later forms, however, as 
Promopdlseasier, they may all have borne spines, some of them of 
laige size. Small club-shaped spines occur here in considerable 
abundance along the sides of the inframarginals and the adambula^ 
cnJs. In PaUeaster there are brushes of delicate spines along the inner 
edge of the adambulacrals. In Mesopdlseaster the ventral spines are 
better developed, f uUy so in PromopdUecLster, and probably equally so 
in most post-Qrdovicic forms. 

Among the primitive cryptozonian genera Stenaster and Teiraster 
no spines are now seen, but undoubtedly such were present on the 
actinal side. In VrastereUa the entire dorsal skeleton is more or less 
spinose, consisting of long, nonarticulating, slender rods, the dorsal 
extensions of the ossicles. In the multi-rayed Cryptozonia of the 
Devonic, spinosity is at its greatest development in the Paleozoic. 

Ambulaeralia. — Undoubtedly the most important skeletal parts of 
the SteUeroidea are the ambulacrals. In general they imdergo the 
least alteration during geologic time of the entire asterid skeleton, 
and therefore any marked variation must be of broad classificatory 
value. Schondorf ^ is well aware of this fundamental value and has 
made full use of it in defining his three '' classes,'' Asteroidea, Aulu- 
roidea, and Ophiuroidea. In the Asteroidea the ambulacralia of ad- 
joining columns are nearly always placed directly opposite one 
another, with the podia issuing through openings that are not in the 
plates themselves, but laterally between two adjoining ambulacrals 
and the corresponding adambulacrals. Among the Paleozoic asterids 
one is not always certain whether the ambulacralia are arranged 
^'opposite'' or ^'alternate," because the specimens in nearly all cases 
have suffered more or less from distortion. In many good specimens 
they are very slightly alternate, but in all such cases the arrange- 
ment is said to be alternate. In other fine fossils they are now 
alternate, but a close study seems to show that originally they were 
practically opposite in arrangement. On the other hand, certain of 
the species with wide ambulacral furrows and large ambulacralia, as 
in Promapdlseaster, Anorth4i8ter, and Uraaterella, have an alternate 
arrangement, while in other species of the first and last named genera 
they are just as certainly opposite. The writer therefore does not 

t lahib. nMMiiJach. Ver. Naturk., Wiesbaden, vol. 63, 1910, pp. 20&-256; Palseontographica, vol. 67, 1910, 
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lay much stress upon this feature among the Qrdbvicic asterids, nor 
does he regard it even necessarily as of specific yalue, but in the later 
Asteroidea the arrangement is always opposite or nearly so. Ver- 
rJll (1914: 20) states that he has noticed the alternate arrangement 
in Uving Pycnopodia ''as an abnormal variation in some of the 
rays, and also that it may occur from lateral bending/' Evi- 
dently the alternate disposition is a fixed character among some 
Ordovicic forms, as in AnortJuister, but more will certainly be dis- 
covered in these old strata and probably rather among the Crypto- 
zonia than the Phanerozonia. The writer is led to this view because 
of the alternate arrangement in many Auluroidea, a subclass of 
Stelleroidea that seems to have had its origin in some cryptozonian 
asterid. Out of the Auluroidea with opposite ambulacraUa came the 
Ophiuroidea with their highly modified ambulacrals which are 
coossified into ''vertebral ossicles." In the Auluroidea the arrange- 
ment of the ambulacrals is either alternate or opposite, but they are 
never coossified but are so modified as to suggest the Ophiuroidea 
rather than the Asteroidea. The structure of these plates is de- 
scribed elsewhere and need not be repeated here. 

The ambulacrals are very variable in number throughout the 
genera. In Hvdsonaster, Stenaster, and Tetraster there are as few as 
10 in a column, while in Promopalaeaster there are certainly 50 and 
possibly as many as 60. The cryptozonian genus VrastereUa has 
certainly over 100 in a column. In general, these ossicles abut 
against each other, but in UrastereUa and other genera they overlap 
proximally to a certain extent. As yet the writer has seen no 
Paleozoic asterid with more than 2 columns of ambulacrals, though 
in Promopalaeaster magnijicus the proximal areas of the rays for a 
short distance have 4 columns of podial openings. Here, however, 
the ossicles have not yet wedged themselves into 4 columns of 
ambulacraUa. 

In shape and surface contour there is also considerable variation 
among the ambulacraUa. In Hudaonaster, Tetraster, and several 
Devonic genera they are more or less rectangular, either squarish or 
drawn out laterally. In other forms of Hvdsonaster, along with 
Stenaster and UrastereUa, the ossicles are H -shaped, with the lateral 
shaft thin, thus allowing for large, elongate podial openings. The 
more primitive genera have the outer surfaces plain or slightly ridged, 
while in derived forms Uke Promopalseaster the ridges are high and 
straight or have their medial terminations orally directed. In 
P. magnijicus, the ridges in the proximal region are arranged in pairs 
having the shape of a tuning fork; in P. wyJcoffi one sees that these 
ridges approach one another in pairs transitional to their transforma- 
tion into the tuning-fork form. 



BEVISION OF PALEOZOIC STELLEBOIDEA. 43 

AB^mbukuTtdia.. — ^Adambulacralia are present in all Stelleroidea. 
Tliey are best and typically developed in the Asteroidea, more or 
IjBss modified in the Aiiluroidea, and completely altered into the thin 
scalelike side plates of the Ophinroidea. In number and relative 
size they vary as do the ambulaoraUa, being least numerous and 
iai^est in the most primitive genera. Originally they probably 
bore no spines at all, the plates being practically smooth. In Hvd- 
sonaster and most Qrdovicic and Siluric, and some Devonic genera, 
their surfaces are granular to tubercular. These protuberances in- the 
younger genera may have borne small spines, but long before these 
appeared each adambulacral bore two or more stout or slender, com- 
paratively long spines along its ambulacral edge. 

In most of the Paleozoic genera there are in each column as many 
adambulacrals as there are ambulacrals, and both series are as a rule 
arranged opposite one another. In Anorthastery however, there are 
fewer and therefore larger adambulacrals than ambulacrals, and 
these latter ossicles clearly alternate with one another. 

In the Phanerozonia the adambulacrals never margin the rays 
but always lie inside of the bordering inframarginals. In the Crypto- 
zonia, however, the adambulacrals margin the animals and here the 
ossicles are usually small, though at times they are relatively large 
and make a stout outer skeletal frame as in StenasteTf Tetraster, 
and Schcmaster (f) montanua. The same is true in ETtAynnasUr 
of the Auluroidea. 

The adambulacrals in probably all the Paleozoic Phanerozonia 
continue into the oral region and each two adjoining columns meet 
here in a pair of modified, elongate, pointed pieces, the most promi- 
nent ossicles of the oral armature. No other skeletal parts lie in 
front of these oral ossicles except in the phanerozonian Hvdsonaster 
narrawiyi (pi. 1, fig. 1) and in the yoimg of the cryptozonian 
UrasterdUi ubichi (pi. 30, fig. 7). Both are primitive forms of 
their respective phyla and whether these five pieces or tori are to 
be interpreted as five spines or whether they represent five primi- 
tive orals is not yet determinable. 

/n^fnorgriTMiZia. — ^In the great majority of Paleozoic Phanero- 
zonia the inframarginals alone margin the animals, and only in a 
few forms {Spamaster, Miomaster, Ehenaster, and NeopdUsaster) 
have the supramarginals moved outward and completely covered 
the inframarginals, so that the two colunms together equally bound 
the rays and disk. That condition is a peculiarity conmion to most 
Paleozoic phanerozonians, while the wholly superposed arrange- 
ment distinguishes nearly all the Mesozoic, Cenozoic, and Recent 
genera of the same kind of Asteroidea. 

The inframarginals are usually the most conspicuous ossicles of 
the Paleozoic Phanerozonia, and this is especially true where the 
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skeleton is strong and devoid; or nearly so, of accessory ossicles. 
They are ponderous in Hvdsonaster, Pdlxaster, AustniUuter, Devanr 
dster, Xenaster, TrimerasUTj Petraster, etc. When the smalls 
accessory plates are introduced, the inframarginals also reduce in 
size; this development is best seen when passing from the heavily 
plated Hudsonaster to the more abundantly plated MesopabeasUr 
and finally PromopdUeaster. The next step in this phyletic line 
would be pronoimced a cryptozonian because the infra- and supra- 
marginals could not be distinguished from the abundance of acces- 
sory ossicles. In fact, it is not always easy to make out the various 
categories of plates even in Ptvmcpalseasier, and here one must 
resort at times to a study of the tips of the rays where the seven pri- 
mordial columns are not yet disturbed by the introduction of accessoiy 
pieces. 

In primitive Hudsonaster, where the inframarginals are compara- 
tively very large, there are only half as many of these ossicles as 
there are of adambulacrals, but in the great majority of Paleozoic 
genera of Phanerozonia this marked difference tends to be less 
decided and toward equalization. In certain phyla, as, for instance, 
from Hvdsonaster to ItesopalaMister and PromopdlsMLster, the equal- 
ization has gone on rapidly, in fact, in but a short part of Ordovicic 
time. In more conservative stocks, as from Rudsanaster to Devonic 
XefMUter and Trimerasierj the equalization is far slower, as is seen 
in the following figures: HudsonasteTy 12 inframarginals and 24 
adambulacrals; Trimeraster, 14 and 23; and Xeruuter, 20 and 32, 
respectively. In nearly all the genera these columns of plates alter- 
nate with one another. TUs of course must be so where the number 
of ossicles is different in the two columns, and complete alternation 
is retained even in certain species where the niunbers of ossicles are 
alike, as for instance in PromopcUseaaier spinulosus. On the other 
hand, in MeaopdUeaster shifferi, where there are 16 inframarginals 
and 18 adambulacrals, the plates alternate in the proximal half of 
the ambulacra and are opposite one another distally. A study of 
the growing ray tips shows that the various ossicles all appear 
practically of one size and where there are more adambulacrals than 
inframarginals, the former are crowded orally. The latter develop- 
ment appears to be the primitive type of growth, but this mode is 
rapidly changed to one in which the seven columns of primordial 
ossicles appear in cycles or rings. TUs type of growth is easily made 
out in primitive forms such as Hvdsonaster and Mesopdlssaster, and 
in some species of Promopalxaster. However, when accessory plates 
are developed in abundance, and especially in forms where the seven 
primordial columns of plates remain of one size, their introduction 
in cycles can only be made out in very young individuals or at the 
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extreme tips of the rays, conditions not often attained among these 
fossils. 

In the great majority of Paleozoic Phanerozonia the inframar- 
ginals and adambulacrab lie closely adjacent to one another. In 
typical asterids they are not separated by the introduction of acces- 
sory interbrachial pieces until in the Devonic. Here in Xenaster 
and Trifneraster isolated pieces, and finally a column of them, are 
inserted in the proximal half of the rays. In the large-disked asterids, 
this separation occurs much earUer, in the Middle Ordoyicic in 
Petraster. 

In Paleozoic Phanerozonia where the skeleton is made up of an 
abundance of more or less equal-sized ossicles, one notices also on 
the distal portions of the rays a tendency for the inframarginals to 
appear on the dorsal side and not to remain on the ventral, as in 
primitive stocks. This alteration brings the adambulacrals to the 
margin of the rays, and is a hint as to how Phanerozonia gradually 
change into Cryptozonia. It is best seen in Promopaiasaster, Petras^ 
ter, and MesapalsBOster. In Australaster it is a marked feature, in 
fact, one can say that the distal parts of the rays in that genus are 
cryptozonian while the bulk of the arms are still phanerozonian. 
This ontogenetic appearance is in harmony with phylogenetic devel- 
opment and chxonogenesis. The living EcJdnaater seposUiis is in 
youth also a phanerozonian, but at maturity is a typical cryptozo- 
nian. In so typical a cryptozonian as UrastereUa, one still finds in 
half -grown U. vlrichi a number of inframarginals in the interradial or 
axillary areas. The same retention of the first formed inframargin- 
als is also met with among the multi-rayed Cryptozonia in EeHanihr- 
asUr, and even among the Auluroidea in Encrinaster. 

It has just been pointed out how the inframarginal colimms are 
diminated as marginal plates. They are not, however, removed 
from the skeleton in these early forms by resorption or by failure 
of development, but for want of special growth. In other words, 
the inframarginals are probably present in all Paleozoic Asteroidea, 
but because of lack of specialization through the developmental 
tendency to greater skeletal flexibiUty, remain small and are lost 
as such in the mass of the dorsal plates. This apparent elimination 
of the inframarginals has gone on independently in various stocks 
as pointed out elsewhere, and therefore the absence of large marginals, 
either infra- or supramarginals, or both series, ia not of ordinal value. 

SupramargiTudia. — ^In Hudsonaster the prominent supramarginal 
plates of the dorsal side are placed decidedly inside of the inframar- 
ginals, though the former clearly overlap the latter. This primitive 
position is retained in many Paleozoic genera, and apparently not 
before the Devonic do these two columns of ossicles come to lie 
whoQy upon one another, and then they together margux the animals. 
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It is apparently always a rare condition in the Paleozoic, but as the 
post-Devonic asterids are as yet little known, we can more accurately 
say that the modem type of Phanerozonia is unknown before Devonic 
time. It should be added here that complete superposition of the 
supra- upon the inframarginalia undoubtedly took place in more 
than one stock and at different times. Accordingly, to group aU 
asterids with large marginalia into the "order" Phanerozonia is 
further proof that these terms cannot be used in the phyletic sense. 
Phanerozonia and Cryptozonia are, however, of use in a descriptive 
way. 

The supramarginals, and the inframai^inals as well, in primitiye 
forms gradually attain larger size down the columns from the tips 
of the rays toward the disk and mouth. In other words, the older 
the ossicle in primitive genera, the larger is its size, and in all such 
forms the pairs of supra- and inframarginal columns terminate in 
single plates, the primary or basal supramarginals and the primary 
or basal inframarginals. The latter ossicles in the most primitive 
genera are situated in the axils of the rays and are therefore also 
known as axillary marginals, and in the more specialized genera the 
axillaries and even pairs of inframarginals are crowded orally into 
the interbrachial areas. The basal supramarginals in primitive 
forms always occur prominently on the disk, in derived genera they 
are, however, less conspicuous, and where the disk skeleton is made 
up of small ossicles, they are generally indistinguishable in the mass 
of plates. 

We have seen that accessory interbrachial plates in some genera 
are developed between the inframarginals and adambulacrals, and 
to a greater extent the same ia true of the development of ambital 
accessory pieces between the former columns and the supramarginals. 
In probably all cases where the rays and disk grow wider the addi- 
tional space is largely covered in by the development of accessory 
plates. As it is in the disk area, and therefore necessarily in the 
basal portion of the rays as well, that the main increase of body 
extent takes place, here are developed the greatest number of these 
pieces. Rarely are the ambital accessory pieces crowded in between 
these columns beyond the proximal third of the rays. This is best 
seen in Devonaster and Xenaster, but in the large-disked forms, as 
Petraster, they extend farther out and are present to within the 
outer third of the rays. Ambital accessory plates may also be 
present in Mesopdlseaster, but are more definitely so in Promopal3^ 
aster (especially in P. magnijicus), and in both genera they occur 
throughout the greater part of the rays. 

Badialia. — ^In many Paleozoic genera of Phanerozonia and even 
among some of the Cryptozonia, a more or less prominent column of 
ossicles is seen down the center of the dorsal side of the anns« These 
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are the radial coluixms of ossicles, which are especially well seen in 
EudsoMisteTj Spaniastery Devonaster, Xenaster, CdllicLstereUa, and 
leas prominently in Mesopdlseaster, PromopdUdaster, and Petraster. 
The prominence of the radials is lost in the same way as has been 
described for similar reduction in the supramarginals and inframar- 
gmab. 

In primitive genera the supramarginals and radials lie closely 
adjacent as prominent columns^ but in the great majority of Paleo- 
zoic Asteroidea these columns are more or less extensively separated 
from one another by the introduction of radial accessory plates. The 
latter are always small pieces and in general one can say that their 
number increases with geologic time and with the evolutionary 
complexity of the various stocks. At first the accessory pieces appear 
singly between the plates in the proximal region of the rays, where, 
increasing in numbers, they separate the primary columns more and 
more and finally also crowd in between the individual ossicles, es- 
pecially the proximal radials, pushing these apart more or less com- 
pletely. This is true not only in chronogenesis but also in onto- 
genesb. It is best seen in a study of the dorsal areas beginning with 
EudsonasUr and SpanioMer, and proceeding to Mesopalseaster, 
Devonaster, Promopalseaster, and UmstereUa. In the forms with 
great disks the development of accessory plates is extreme, as may be 
seen in PetraMer spedosus. 

The columns of radial plates are less persistent in development 
than any other of the primary columns. Like all of the primary 
plates, the radials are apt to lose their ponderosity and in the course 
of geologic time become smaller. In this way they may lose their 
individuality in the mass of dorsal plates, but in some cases radialia 
appear to fail to develop throughout the greater part of the rays, 
although one or more primordial ossicles of each radius are present 
on the disk. In certain species of MesopcUseaster, and more especially 
in Pramop(dae4uier, the radialia are either not present or have been 
squeezed out of the mid line of each radius so as to be unrecognizable. 
In other forms of the latter genus they are well developed and arranged 
in linear colunms. PromopcHseaster as a rule has no radialia on the 
rays and the space between the supramarginals is occupied by many 
small accessory radial pieces. Among the Cryptozonia, radiaUa are 
usually not discernible as such on the rays, though present on the disk. 

Accessary pUUes. — ^These small pieces of irregular form are space 
fillers between all of the primary colunms of plates, with the exception 
of the ambulacrals and adambulacrals. As the body cavity grows 
larger, skeletal increase takes place either through enlargement of 
the seven primordial columns of ossicles or by the intercalation and 
formation of new pieces, the accessory plates. The former method 
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is the one least often resorted to. The accessory pieces appear first 
chronogenetically on the disk, separating the primordial ossicles 
one from another in various ways, and as the body cavity grows 
larger in the course of geologic time, they wedge all of the primary 
columns apart projdmally except the ambulacrals, which compensate 
for the widening of the rays by growing in size transversely. Some 
accessory plates also develop in the interbrachial areas separating 
the interbrachial marginals, as in Trimeraster and Xenasterj while 
in the large-disked forms, as Petraster, their number becomes excessive. 

Ocular plates. — ^The large ocular plates seen in so many Uving 
Phanerozonia are very rarely developed in Paleozoic forms. In 
fact, the writer knows of but a single occurrence, in the Lower Car- 
boniferous genus NeopalaML8ter. 

It seems to the author that these ossicles should have considerable 
significance in phylogeny because their large growth indicates that 
they are much older plates than any of the small adjacent pieces. 
In other words, in all genera where the ocular or sensory tentacle 
does not lie in an enlarged and grooved plate, the newly developed 
ossicles of either the ventral or dorsal side appear distaUy to the pre- 
viously borne pieces, i. e., at the tips of the rays, whereas in the stocks 
having ocular plates the new skeletal arrivals appear not at the tips 
of the rays but on the proximal side or inside of the eye ossicles 
Therefore, where ocular plates are present, these pieces are not only 
enlarged in size with age, but progressively pushed farther and farther 
outward as well by the growing ray tips that lie on their inner sides. 
This mode of growth may have originated once or several times, 
there being in the latter case parallel developments of ocular plates. 
This is a study that can not be pursued far among Paleozoic genera, 
but in the later forms may be productive in the discerning of 
phylogenetic lines. 

After the above was written the writer read in Verrill (1914: 20-22) 
that Fewkes has shown the ocular plates to be the first to appear in 
the young, and that with growth they are pushed distally because 
of ''the budding in of new plates between the apical plate and the 
one next to it." These observations on living starfishes are therefore 
in harmony with the study of Neopalseaster, and go to show that the 
bulk of Paleozoic starfishes insert the plates of the primary columns 
in a different way, i. e., always distally. On this ground alone most 
of the Paleozoic starfishes should be grouped by themselves and 
apart from most of the subsequent Phanerozonia. 

GefUfXhdarsdl. — In the center of the disk of many Paleozoic genera 
of Asteroidea and of some Auluroidea is seen a more or less prominent 
plate, which is thought to be the equivalent of the centro-dorsal of 
the embryo of the living crinid Antedan (OanuUvla). It is a promi- 
nent though small plate in most of the forms of Hvdaonaster and in 
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Fdwader; it is also well developed though less conspicuous in Meao^ 
pdaoagteTf SpaniasteTf Xenaster, Agahnaster, Devonaster, Neopalssaster, 
PalagUrina, MonaMery CdUiaMereUa, and UrastereUa. 

As the disk plates are rarely well preserved, and as the centro- 
dorsal has been seen in many Paleozoic species, the writer thinks 
it will be found in most of the forms of this era. 

Primary disk plates. — In the most primitive and oldest Paleozoic 
attends the centro-dorsal is surrounded by a variable but small 
number of diminutive accessory disk pieces. In mature Hudsonaster 
they form a single ring, but in the young of the cryptozonian Uras- 
terdia ( U. vlricM) and in mature CaUiaMereUa there are none of these 
accessory pieces present. For these reasons it is thought that in 
the Ordovicic there will be found a small asterid, even more primitive 
than Hudsonasterf that will be devoid of accessory disk pieces. 

Around the centro-dorsal of yoimg UrastereUa and in mature 
CaUiasterenaf Hiere follows directly a ring of five larger plates. The 
same five plates are also seen outside of the single ring of accessory 
pieces in Hudsonaster and Spamaster^ and directly beyond the two 
rings of accessories in MesopcH^eoMer. These more or less lai^ 
plates are radial in position and are the basal radialia above which 
continue the columns of successively formed radials. 

Returning to Hvdsonaster, we see that the first ring of prominent 
plates has 10 pieces, 5 of which are radial in position, the remainder 
interradial. The same is true for Spaniaster and Xenaster^ while 
CoOiasterella has an equal number of plates in the second ring. An 
analysis of these disks shows that 6 of the plates are either primary 
or secondary radialia, while the remainder are situated interradially, 
and upon them rest the 10 colunms of supramarglnals. The first 
prominent ring in MesopaUeaster sTiaj^eri and Devonaster and the 
second ring in VrastereHa vlrichi each have 15 plates, 5 of which 
are radialia, while the other 10 are supramarginals. Simplifying 
these statements and cutting out the accessory pieces, we learn that 
the disks of these genera — and others could be added — are composed 
of a eentio-dorsal, a first ring of 5 radialia, and a second one with 6 
radialia and 10 basal supramarginalia. This, then, is the same struc- 
tore postulated for the hypothetic phylembryo of Asteroidea and 
deduced through reduction of ossicles, as gleaned from a partial 
onU^nesis of Hudsonaster. 

AxiOary ossides. — ^In the most primitive asterid, Hudsonaster^ one 
sees in each axilla a single large plate, on either side of which adjoin 
the 10 oolimms of inframarginals. The same arrangement obtains 
in SUuraster, PaJxasteTf and Australaster (here the genus occurs in the 
Penno-Carboniferous, and the axillaries are very laige contrasting 
with the smaller ones of the Ordovicic Hudsonaster). In no other 
Paleozoic genera does Om same development hold, though the single 
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axillaries occur in many other forms where they are, however, pushed 
orally mto the skeleton of the interbrachial areas. Single, not double, 
axillaries, therefore, make the simplest and smallest type of inter- 
brachial areas. Further complexity and enlargement of these areas 
are produced by crowding into them orally, first the axillaries and 
then one or more pairs of proximal inframarginals. 

In Hudsonaster narrawayi one sees tiny single plates proximal to 
each axillary. These are clearly of no marked morphologic value and 
are to be interpreted as accessory plates. Similar single ossicles are 
also seen in genera with large interbrachial areas, as in Promopdhsaster, 
They are regarded as space-fillers and without ancestral significance. 

Interhrdchidl areas, — ^The simplest type of interbrachial area is that 
just described. Increase in size and complexity of interbrachial struc- 
ture is a natural result from an enlarged body cavity. The first change 
in this direction is seen in MesopalseoMer, Spaniaster, Miomasier, and 
Devonaster, where the axillaries are crowded orally and surrounded 
distally by a pair of adjoining basal inframarginals, and proximally by 
a variable number of adambulacrals. The same development is seen 
but in somewhat modified form in the cryptozonian genera Vrasterdla 
( U. vlricM and U. girvanensis) and CaUiaMereUa. Here the axillaries 
are present only in the young, but may be retained to maturity; in 
either case they may or may not be margined distally by basal infra- 
maiginals. As the inframaiginals in these forms are vanishing (pri- 
mitive Cryptozonia), we should expect to find related genera devoid 
of even the axillaries, and such is the case in Stenaster and Tetraster. 

The next step in the enlaigement of the interbrachial areas consists 
of the inward crowding of pairs of basal inframarginals, one or more 
at a time. In Trimeraster these areas have the single axillaries and a 
pair of basal inframarginals, with the second pair of proximal infra- 
maiginals making the maigin of the axils. In Xenaster the first and 
second pairs of proximal inframarginals are enclosed, while in Pro- 
mopalseaster there are from one to three pairs in each interbrachial 
area. As these areas enlarge, it follows that more and more of the 
adambulacrals must also take part in the expansion. These ossicles 
are therefore called interbrachial adambulacrals. Further enlarge- 
ment, but not to any marked extent, takes place through the insertion 
of a variable number of accessory disk interbrachials. This is best 
seen in Trimeraster and Xenaster. 

Abnormal enlargement, but to a small extent, of the interbrachial 
areas takes place through oral crowding entirely of adambulacrals in 
pairs and through the increase in size of some of these ossicles. This 
type of development is known only in AnorOuister, 

It has been shown how enlaigement of the interbrachial areas comes 
about through oral crowding of the axiUaries, proximal inframargi- 
nals and adambulacrals — ^pieces of the primary skeleton — ^but the 
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greateet expansion is brought about by the introduction of more and 
more accessory disk pieces between the adambulacrals and inf ramar- 
ginals. The beginiung of this development of the secondary skeleton 
is seen in Peiraster and is variously progressive in the different species. 
They finally crowd more and more distally into the rays, as may be 
seen in Vranaster and Pdlxostella. Among the large-disked Crypto- 
zonia, as Schucheriia and the Palasteriscidas, it is the ambital and 
abactinal accessory pieces that go to enlarge the arcs and body cavity. 

CLASSIFICATION. 

A good history of the various attempts at classifying the fossil 
starfishes is given by Spencer (1914: 39-52). How recent starfishes 
are classified may be learned from Verrill (1914:24), and it will be 
seen that his principles are not always applicable to fossil forms be- 
cause of the loss of parts through f ossilization. In subsequent pages 
the author will give his groupings up to superf amilieS; but the time 
is not yet at hand for an ordinal classification applicable alike to 
fossil and recent starfishes. 

CaUilogue of Paleozoic SteUeroidea. — ^A catalogue of all Paleozoic 
starfishes was published by the writer in April, 1914, under the title 
''Fossilium Catalogus, Animalia, part 3, Stelleroidea palasozoica/' pp. 
53 (Junk, Berlin). It gives the entire bibliography of the genera and 
species up to that date, and an outline of the classification adopted. 
The actual date of several new genera is of the work above cited, 
although they are also printed in the present book as new. This 
Bulletin is there cited as of 1914 and is now to be corrected to 1915. 
The above-mentioned catalogue will always be useful for ready refer- 
ence to the literature, although the larger volume repeats all of the 
essential references, corrected to November, 1914. 

DESCRIPTION OF GENERA AND SPECIES. 

Class STELLEROIDEA. 

Subclass ASTEROIDBA. 

PHANEROZQNIA Sladen. 

Asteroidea nearly always with large marginal plates. These consist 
in the Mesozoic and later asterids of completely superposed inf ramar- 
ginals and supramarginals; in the Paleozoic the rule is that the in- 
framaiginals alone border the aoimal, while the supramarginals are 
always dorsal, generally alternate with the inframarginals, and are 
placed farther inward though resting more or less upon the latter. 

Ambulacrals always present and opposite in arrangement iq post- 
Paleozoic forms. In the oldest and most primitive Paleozoic forms 
they are apt to be alternate throughout the rays, or only so distally 
in the young parts. By far the greater number of Paleozoic forms, 
however, have the opposite arrangement. 
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Oral armature always with the adambulacral pieces most con- 
spicuous. 

This order is not known to appear before the Middle QrdoviciCi 
and in the Paleozoic contains the following families: 

HudsonasteridsB. XenasteridaB. 

Palseasteridse. NeopalseasteridsB. 

PromopalsBasteridsB. Palasterinidae. 

MesopalaeasterinsB. Lepidasteridae. 
^ Promopal»asterin8B. 

Anorthasterinae. 

These seven families of Paleozoic asterids are all related to one 
another and seemingly had their origin more or less directly in 
Hudsanaster or a form very similar to it. Therefore the family 
Hudsonasteridae is the primordial stock out of which all asteiids 
progressively developed. HudsoTUister is massively and simply 
built, with the spines rudimentary and restricted to the adambular 
crals and inframarginals; it is a small rigid asterid with few and 
comparatively large ossicles, nearly all of which are of the pri- 
mary skeleton. From it the evolutionary tendency was to get rid 
of the rigidity and ponderosity through the comparative reduction 
in size of the plates and the introduction of many smaller sec- 
ondary pieces, along with an abundance of spines. With this ten- 
dency once established, there arose several others: (1) elongation 
of rays, with greater flexibility and greater power of locomotion 
through the indefinite duplication of pairs of podia; (2) increase of 
body cavity in three different ways. This took place through the 
development of interbrachial areas (a) by the inward crow<Ung of 
the single interbrachial axillaries, followed by more and more pairs 
of proximal inframarginals; (h) through the insertion of an indefinite 
number of accessory ossicles between the adambulacrals and the 
inframarginals, forcing the latter more and more outward; and 
(c) through the introduction of supernumerary rays. The latter 
development is probably abnormal, in that the tendency arose in 
the later larval life as is explained elsewhere. (See p. 207.) With 
these changes of the actinal side naturally must arise compensating 
growths of the abactinal surface and accordingly here is seen the 
introduction of accessory ossicles in various places. 

Starting with Hudsonaster, there is one phyletic line developed 
through the elongation of rays, flexibility, and the increase in size 
of the oral r^on by the (a) method from the primitive Hudson- 
asteridaB into the derived PalasasteridaB, Promopalasasteridad, Xen- 
asteridae, and NeopalasasteridaB. This is the most satisfactory line 
of evolution, resulting in the greatest variety of genera. Again 
with Hudsonaster as the radicle, another phyletic line is established 
through the increase of the body cavity by the (&) method, giving 
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rise to the PalasterinidsB. This line of chajoge is not at all so pro* 
dnctive of genera as the former. Finally, a third phyletic line is 
established through larval adaptation, causing a sixth ray to develop 
and thereafter pairs of rays, resulting in the multi-rayed asterids of 
the family LepidasteridsB. 
These phyletic lines may be expressed taxonomically as follows: 

Supeitamily Promox)aIseasteTacea, new. 

Includes families Hudsonasteridse, PfedseasteridsB, Promox)alseasterid£e, and 
Xenasteridse. The Neopakeasteridce developed out of the PromopalfleaBteridn. 
Superfamily Falasterinacea, new. 

Includes family Palasterinidfe. 
Superfamily Lepidasteiacea, new. 

Includes family Lepidasteridfe. 

HUDSONASTEREDiE, new family. 

Most primitive known Phaaerozonia. 

Small, five-rayed, heavily plated asterids, with narrow ambulacra! 
furrows and slightly alternate ambulacralia. The incipient inter- 
brachial arcs are occupied by single axillary marginal plates. Abao- 
tinally the rays have five columns of ossicles, the radials in the center 
being bounded on either side by the supramarginals and inframaiginals; 
the latter margin the rays and the ossicles of adjoining columns alter- 
nate with one another. There are no accessory ray plates of any 
kind. The disk has a prominent central disk piece separated by a 
small number of accessory disk plates from a ring of five large basal 
radials and five large basal iaterradial ossicles. Spines rudimentary 
and apparently restricted to the adambulacrals and inframarginals. 

This family contains the genera Hvdsonaster Stilrtz and Sihiraster 

Jaekel. 

Genus HUDSONASTER StUrtz. 

Plates 1-6. 
Palseaster (part) of authora. 
Hudaoruuter BT^-EerZf Verh. naturh. Ver. preuss. Rheinl., etc., vol. 56, 1900, 

pp. 224, 225. 
Proiopalaatter Hudson, Ottawa Naturalist, vol. 26, 1912, p. 25; vol. 27, 1913, 

pp. 77-S4. — ^Raymond, Ottawa Naturalist, vol. 26, 1912, p. 105 (genoholo- 

type, P. namnvayi). — Spenoeb, Mon. Brit. Pal. Asterozoa, pt. 1 (PaUeontgr. 

Soc. for 1913), 1914, p. 21. 

The name is derived from the ''Hudson River formation/' an 
Qrdovicic series of strata of long endurance. If the stratigraphic 
term is used correctly, then these rocks have as yet furnished no 
starfishes of this genus; for this reason Hvdsonaster is a misnomer 
and has no significance, but under the rules of nomenclature it must 
be accepted. 

Generic chaaudere. — Disk small and without actual interbrachial 
ait». Rays five, short, tapering rapidly. 
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Abactinal area of rays occupied by three columns of large, thick, 
more or less tumid or carinate, closdy adjoining, tuberculate plates; 
more or less of the inframarginal plates are also to be seen, making 
five visible columns of plates on each ray abactinally. There is, 
therefore, a single radial column bounded on each side by two columns 
of supramargmal and two of inframai^inai plates. The latter 
colimms are the margmal plates both actinally and abactinally, but 
on the dorsal side are overlapped by the supramaiginals. In the 
center of the disk there is a small but very tumid plate (central 
disk plate) around which is a nearly complete circle of smaller acces- 
sory plates and an open space which may represent an anal openii^. 
Outside of this first circle of accessory plates there is a ring of 10 
very large plates that in the geologically later species are stellate 
on the surface, 5 of which are radial and 5 interradial in position. 
The radial plates are the basal radial plates of the 5 medial columns, 
while the 5 interradial plates give rise to the 10 larger and conspicu- 
ous supramarginal ossicles. The basal supramaiginals adjoin one 
another in the axillary areas, and in the geologically later forms 
these also have stellate surfaces. Between each of the 5 inter- 
radial plates there is inserted a single plate, making a seicond but 
disconnected ring of accessory plates. 

Madreporite abactinal, more or less large, adjoining one of the 
large interradial plates and between the basal plates of two supr^ 
marginal columns of ossicles of adjoining rays. 

No accessory ambital or abactinal plates. 

Spines appear to be absent everywhere except on the inframarginal 
and adambulacral ossicles. Otherwise the surface is granular or 
tuberculate. 

Inframarginal plates well-developed, tuberculate, and common 
to both the actinal and abactinal areas. These proximally adjoin the 
five isolated and large axillary marginals, each one of which occupies 
an axil of the rays. Each plate, except the axillary ones, bears on 
its outer edges one to three apparently smooth, small spines. 

Axillary plates quite conspicuous, marginal, and one in each 
actinal axil. In at least one of the species there is a single tiny acces- 
sory piece orad to each axillary (ff. narrawayi), and it is only seen 
on the inside of the skeleton. 

Adambulacral plates numerous, one or two to each inframarginal 
plate and two on each side of each axillary marginal plate. All of 
these pieces bear at least two spines, one on the inner and another 
on the outer edges. 

Oral armature consisting of at least five pairs of pointed and elon- 
gate basal adambulacral plates; each bears spines like the other 
ambulacrals. In rare cases issuing from beneath these ossicles may 
be seen five single stout spines or plates (tori) that are connected 
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with the pairs of ambulacral annature pieces. In H. narrawayi above 
or dorsal to the pair of large oral pieces there is another but smaller 
and modified pair of ambulacral ossicles clearly also a part of the oral 
armature. 

Ambulacral grooves originally narrow and regularly tapering. Am- 
bulacral plates rectangular, practically opposite or very slightly 
alternating, one to each adambulacral plate. The ambulacralia 
of each column may be so closely adjoining as to leave almost no 
space for the podial openings, or there may be laterally between 
adjoining ossicles very large openings. 

Genoliolotype. — ^The genotype selected by Stiirtz is PalaMerina 
rugosa BiUings. The above generic definition is, however, largely 
based upon PalseaMer incampius Meek and P. mattUinus Hall. 

Distributum. — Restricted to the middle and upper portion of the 
Qrdovicic. The following are the known species: 

H. matutimis (Hall). Trenton. 

JET. narravxiAfi (Hudson). Black River. 

H, miUeri, new species. Trenton. 

H. incomptus (Meek). MaysviUian and Richmondian series. 

H. rugosus (Billings). Lower Richmondian, (]lharleton forma- 
tion. 

H. haiherij new species. Upper Ordovicic, Girvan, Scotland. 

Remarks. — Sttirtz is unfortunate in selecting as the genotype of 

BudsanasteTy PalaMerina rugosa Billings, a very poorly known starfish 

from the Richmondian of Anticosti Island. Therefore his original 

definition of Hudaonaster is not only very imperfect, but the specimen 

is wrongly interpreted. His characterization of the genus is as 

follows : 

Of PdUuierina ruffota only the abactinal side is known. On the disk occur orna- 
mented, deeply crenolate, star-ehaped plates. Four [the specimen is distorted and 
has forced into view one of the inframafginal columns, while the one on the other side 
ol the ray is shoved out of sight] reg:ular and decided coliunns mark the rays, and of 
these the outer rows are stronger than the inner columns. The outer columns consist 
of unmistakable maiginal plates [one is inframaiginal, the other is a supramaiginal 
cohunn]. According to Billings there are even traces of the actinal marginals to be 
aeen from the abactinal side. Spines absent [the usual spines of this genus are also 
present here]. The aims terminate shaiply in points. 

Sttirtz is correct in saying that this species can not be included in 
PaJagterina and also that the genus has come to embrace a variety 
of unrelated genera. However, he does not say what are the 
actual generic characters of HudaonoMer, but as P. rugosa is not a 
PalasteriTia he concludes that as ''new generic names are required 
I propose Hudsonaster for Palasterina rugosa Billings." This 
species is luidoubtedly congeneric with PaJseaster incomptus, a form 
fully described in this work both from the actinal and abactinal sides, 
and is therefore taken as the genotype for the above generic defini- 
tion. 
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The adopted genoiype of Prctopaiseaster (P. narravxiyi) is described 
at length and in detail by Hudson, but, thinking the specimen 
showed the actinal side, he described the ambulacrals as epineural 
plates roofing over the ambulacra! furrow, a character that he of 
course recognized as wholly anomalous for starfishes. Raymond 
later on showed that the actinal side of this specimen lies buried in 
the rock and that the entire abactinal plates are now gone, so that 
the view is of the actinal plates from their inner side, i. e., an inter- 
nal view of the ventral skeleton Gater Hudson combats this yiew). 
Under these circumstances nearly all of Hudson's generalizations 
are fallacious and especially his statement that ''we are dealing 
with an unrecognized and very archaic morphological type which 
links the Edrioasteroidea with the Stelleroidea" (1912: 24). A proper 
interpretation of the specimen shows it to be a primitive but other- 
wise a normal early Paleozoic starfish. Even though Hudson's 
genus is far better determined generically than that of Stilrtz, it 
must give way to the older name Hudsonagter. No one regrets this 
more than the writer, because the generic name Prciopdlaaster ex- 
presses the phyletic relationship of these primitive starfishes and is a 
name that he has had in manuscript for the past 15 years. 

Hudsonaster has its nearest known relationship in Pdlseaeier, but 
differs at once from the latter In that the rays have abactinally five 
columns of plates, while Palseaster has but four. In other words, 
Pdlseaster has no radial colimms of ray plates, but their place is oc- 
cupied by numerous small accessory pieces. The abactinal disk 
of Palaedster is also quite different in having numerous small acces- 
sory ossicles, while in Hvdaonaster this area is devoid of these pieces 
and instead there are disk plates that are larger, far less numerous, 
and with a definite arrangement. 

The plate arrangement of HudsoTiagter is simple and primitive 
in that it distinctly retains to maturity much of the larval plate 
structure of recent species and does not develop accessory ambital 
or accessory abactinal plates as do its descendants Mesopalseaster 
and particularly Promopalseaster, In Hudsonaster the axils are 
occupied by single, large, axillary mai^inals, against which rest 
the columns of inframarginal plates of adjoining rays. In the other 
two mentioned genera, interbracbial arcs b^;in to develop by crowd- 
ing orally the axillary mai^inals, when, as in Mesapaiseaster, the 
proximal plates of the inframarginal series of adjoining rays abut 
against each other. In PromopaUeaster this crowding of the infra- 
marginal plates into the interbracbial areas is continued, always a 
pair of plates at a time passing orally. For other remarks on the 
development and distinction between these genera, see MesapalsR^ 
aster and Promapalseasier. 
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Jn the Lower Carboniferous genus NeopdUeaster the primitive 
disk structure of Hudsonagter is also retained in its essential fea- 
tures. Otherwise these genera are easily distinguished, as is pointed 
out in the remarks on NeapaisRaster. 

HUDSONASTBR MATUTUIUS (Hall). 

Plate 2, fig. 2; plate 3, fig. 2; plate 5, figs. 1, 2. 

AMUriu matuUna TTatj., Nat. Hist. N. Y., Pal., vol. 1, 1847, p. 91, pi. 29, figs. 

5a, 5b. 
PaUBosUr matuHntu Hajx, Twentieth Rep. N. Y. State Cab. Nat. Hist., 1868, 

p. 283, pi. 9, fig. 2; rev. ed., 1868=1870, p. 325, pi. 9, fig. 2. 
PetnuUr rigidua (part) BnxiNOS, Geol. Surv. Canada, Can. Org. Bern., dec. 3, 

1858, pi. 10, fig. 36 (not fig. 3a).— Hajx, Twentieth Rep. N. Y. State Cab. 

Nat. Hi8t.,1868, p. 294; rev. ed., 1868=1870, p. 337. 

Original description. — "Body small, with five radiating arms, 
arms elongated (length twice and a half the width of the body), 
terete, acute, composed of three rows of plates [abactinally], which 
join above by their lateral margins. Beneath each upper lateral 
row of plates there is an inferior lateral range [inf ramarginal] vis- 
ible, leaving the sulcus beneath the middle row, which is often 
depressed. The dorsal plates are somewhat hexagonal; those of the 
arms quadrangular; surface punctate or granulate, perhaps from the 
removal of the spines covering the surface. 

"The specimen is considerably crushed, and two of the arms 
broken off at the base; the madreporiform tubercle upon the back 
is not visible in our specimen. lSx)m its condition, the structiu*e 
can not be entirely made out, but it is sufficiently clear to enable 
any one to recogsnze the species." 

Emended description. — Specimen of the usual size (No. 3, Mus. 
Comp. ZooL) measures: R»14 mm., r»3.5 nun., Il«4r. The larg- 
est specimen (Ottawa, Billings collection): Il»16 nun., r—5 mm., 
R»3.1r. The smallest New York specimen (No. 26, Mus. Oomp. 
ZooL): R«7 mm., r»2.5 nun., R»2.8r. Width of rays at base 
from 2.5 mm. to 5.5 nun. 

Eays short, tapering rapidly, convex abactinaUy and flat actinaUy. 
Disk comparatively large, probably convex abactinally during life. 

Abactinal area of rays consisting of 5 ranges of large, thick, 
and tumid granular plates. The 3 medial ranges, when not 
distorted by pressure, conspicuous, with the 11 to 12 plates of 
each column closely adjoining and considerably elevated above 
the inframaiginal ranges. The proximal plates of each supra- 
marginal range lie against the large interradial plates and are 
more or less superposed on the large axillary mai^inals. In the 
center of the disk there is a distinct highly convex plate, around 
which k arranged a nearly complete ring of seven smaller pieces 
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and a vacant space which may be an anal opening. Five other 
small quadrangular plates are intercalated, one proximaUy to each 
of the large radial basal plates. Outside of these 12 intercalary 
plates there is a ring of 10 quite large and conspicuous plates, 5 of 
which are radial and 5 interradial in position. The radial plat«s are 
laigest and are the basal pieces of 5 medial- or radial columns, while 
against the 5 interradial plates rest the 10 inframai^inal columns. 

Madreporite abactinal, quite small, situated immediately above a 
laige interradial plate and between two basal supramarginal plates. 
Its position in relation to the anal opening is apparently as in P. 
incamptv^. 

Inframaiginal plates in mature examples about 14 to a col- 
umn, and when not displaced completely, inclosing the adambu- 
lacral plates and mai^ining the rays. The axils are occupied by a 
very large, oval, axillary marginal plate. Each inframarginal bears 
upon its outer surface one to three short, slender, pointed spines, 
which are finely striated longitudinally. 

Adambulacral plates small, subquadangular in outline and about 
19 in a column in specimens having 13 inframarginals. Each plate 
bears on both the outer and inner edges a single spine and is like 
those of the inframarginal ranges. 

The oral armature consists of 5 pairs of elongate adambulacrals, 
each pair being situated directly orad of the large axillary marginal. 

Ambulacral plates h- -shaped, practically opposite or but very 
slightly alternating, one to eaoh adambulacral plate. In the ex- 
panded medial portion the ambulacralia are slightly superposed one 
above the other proximally, while the lateral portion of each plate 
is very slender, leaving between adjoining pieces comparatively large 
podial openings. 

Locality and formation. — ^From the Trenton limestone, as follows: 
The type-specimen was found in the "shelly layers" at Trenton 
Falls, New York (Amer. Mus. Nat. Hist., No. 199), and another 
specimen was secured there by Mr. Rust (New York State collection). 
Dr. Walcott collected a slab with three individuals in the Lower 
Trenton at Rathbone Brook, near Newport, Herkimer County, New 
York; and Mr. Taylor got two specimens at Deerfield, Oneida Coimty, 
in the same State (Mus. Comp. ZooL, Nos. 26 and 3). Mr. W. R. 
Billings found a specimen in the Trenton at Lachine, Quebec, and 
another from Government House Bay, Ottawa. 

Remarks. — H. mMuHnus is intermediate in structure between the 
older H. narravxiyi and the younger H. incomptus. It is larger than 
the former, has more plates in each of the columns, while the ambu- 
lacrals are deeply cut out for the podia, which is not the case in H. 
narrawayi. As H. TruUulinus is most closely related to H. incomptus 
more detailed comparisons must be made between them. Actinally 
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the foimer differs in the wider ambulacral grooves. The difference 
of greatest value, however, is found on the abactinai area of the 
disk. In both species there is a central disk plate surrounded by a 
ring of accessory plates. In H, rnoMUinus there are eight plates in 
this ring and in H. incorn/pius there are seven. Between all the basal 
radials in the latter species there is an accessory plate, or these are 
five in number, while in the former there are only two such plates. 
Again, the proximal plates of the supramarginal columns in H. 
incamphis are larger than any others of the abactinai area, while in 
H. matuiinus they are smaller than the basal radials and their form 
and ornamentation are quite different. The madreporites are also 
quite different. In general, H. incomptus is larger, stouter, the rays 
broader and the disk has a greater number of accessory pieces. These 
features are still more pronounced in H. rugosus (Billings). Viewing 
these differences developmentally, the distinctions are slight, which 
proves the three forms to be genetically related, but specifically the 
differences are sufficiently marked to be regarded both morpholog- 
ically and geologically as of specific value. 
Apotype.—C€Lt. No. 60603, U.S.N,M. 

mTDSONASTSR NARRAWATI (Hndflcm). 

Plate 1, fig. 1; plate 2, fig. 1; plate 4, fig. 1. 

ProtopalaBoster runrrawayi Hudson, Ottawa NatuialiBt, vol. 26, 1912, p. 25, pis. 
1-8; vol. 27, 1913, pp. 77-S4, pis. 8, 9.— Raymond, Ottawa Naturalist, vol. 26, 
1912, pp. 105-107.— Hudson, BuU. N. Y. State Mus., No. 164, 1913, pi. 5.— 
Sfenceb, Mon. Brit. Pal. Asterozoa, pt. 1 (Palseontogr. Soc. for 1913), 1914, 
p. 21, -fig. 19. 

Descriptum. — Specimens small, an average individual from St. 
Paul, Minnesota, measuring: R^5 mm., r=3 nmi., R — 1.6r. Width 
of ray at base 2.7 mm. The three good specimens show only the 
actinal side while the fourth free siliceous one is too poorly preserved 
to make out more than the form. 

Inframarginal columns have from 6 to 9 plates, while the adambu- 
lacrals and ambulacrals each have from 11 to 12. Ambulacral plates 
laige and solid, rectangular, with slightly rounded ends. As these 
plates are not (- -shaped as in other species of this genus it may be 
shown that this character is of generic value, in which case Proto- 
pabuister will have to be revived. 

Inside of each of the large axillary plates Ues a pair of oral armature 
pieces that are in form very much Uke the adjoining adambulacrals. 
From beneath these ossicles projects a stout and long, rounded, arma- 
ture rod, the torus (a tooth or chisel), the 5 teeth meeting together 
in the center of the mouth. These armature rods and more especially 
the 10 pairs of ambulacral armature pieces are seldom seen in fossil 
starfiahes, and none shows it more clearly than the Yale specimen 
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of H. narravxiyi. In the holotype of this species, here illustrated, 
are seen additional pairs of oral armature ossicles. These are situated 
directly above or dorsal to the pairs of large armature plates, and are 
probably overlapping ambulacralia modified into the actinostomial 
ring. 

Locality and farmalum. — ^In the Black River formation, as follows: 
The holotype was found by Mr. J. E. Narraway at City View, near 
the Central Experimental Farm at Ottawa, Canada; it is now in his 
private collection. An excellent specimen was found by Mr. 
Townshend near Eirkfield, Ontario, and is now in the Peabody 
Musemn of Yale University. Many years ago Dr. Ulrich found a 
fine specimen at St. Paul, Minnesota, and another good one in the 
Lower (Olade) Lebanon limestone of the Stones River series at 
Shelbyville, Tennessee. These two specimens are in the United 
States National Museum (Nos. 60602, 60619). Mr. Moritz Fischer 
secured a coarsely silicified individual of this genus at Curdsville, 
Kentuc^, and this is now in the Beecher collection in the Yale 
Musemn; it may, however, prove to be of another species, distin- 
guished by its stouter appearance, wider disk, and smaller axillary 
plates. 

Remarks. — Originally the writer included specimens of this form 
under P. rrutiutintiSf regarding them as but young individuals of 
Hall's species. However, as the specimens are all geologically older, 
are always smaller and stouter, and with fewer plates in all of the 
columns, Hudson's species is retained as valid. It is the ancestral 
form and the most primitive species of Hvdsonaster and hence the 
most primitive Paleozoic starfish. It is primitive because of its 
extreme simplicity of structure, in that the columns and plates are 
reduced to the smallest number and all of them are closely adjoining 
and without intercalary plates of any kind. Then the spines are 
developed only on the actinal side and as protection for the podia. 
For further information see generic remarks under Hudsanaster. 

Cat. Nos. 60602, 60619, U. S. N. M. 

HUDSONASTBR MTT.T.RWT, new tpMiei. 

Plate 4, fig. 2. 

Description. — Of this form there is at hand but a single poorly 
preserved individual showing the actinal side. It is a more lender 
species than H. moMtinus, has a larger and more rectangular axillary 
plate, and the proximal inframarginals have each about 13 to 15 
plates and the adambulacrals from 18 to 20. No ambulacrals are 
preserved. The specimen measures: R = about 12 mm., r = 3 mm. 
Width of ray at base 4 mm., at mid-length 3 mm. 

Locality and formation. — ^Found by Prof. Arthur M. Miller, after 
whom the species is named, in the Lower Lexington (Wilmore) 



EEVISION OF PALEOZOIC STELLEBOIDEA. 61 

limestone of the TFenton, in Fayette County, Kentucky. The 
holotype is in the collection of the State University of Kentuc^ at 
Lexington. 

HUDSONASTBR INCOMPTUS (Maek). 

Plate 6, figs. 1, 2. 

"Oimiatter" of AqassiZi Graham, Anthony, and James, Amer. Jouzn. Sci., 

Ber. 2, vol. 1, 1846, p. 441 (nomen niuium). 
Palmastar incomptua Meek, Amer. Joiim. Sci., ser. 3, vol. 4, 1872, p. 275; Geol. 

Surv. Ohio, Pal., vol. 1, 1873, p. 64, pi. 4, figs. 5a, 55. 
PaUeaster rinplex MnjJBB and Dteb, Journ. Cincinnati Soc. Nat. Hist., vol. 1, 

1878, p. 29, pi. 1, 5g. 6.— Mn.LER, N. Amer. Geol. Pal., 1889, p. 266, 5g, 380. 
PaltBOster cUxrhei MhiLEB, Journ. Cincinnati Soc. Nat. Hist., vol. 1, 1878, p. 102, 

pi. 3, ^, 5. 
PahBOgUr elathaia Mqxeb, Jouzn. Cincinnati Soc. Nat. Hist., vol. 3, 1880, p. 236. 

Original description (P. incompius). — "Small; rays rather short, or 
only about once and a half as long as their breadth at their inner ends, 
and rapidly tapering to their outer extremities, which are somewhat 
obtusely angular. Disk equaling in breadth the length of the rays. 
Dorsal side of the rays composed each of three rows of pieces that are 
wider than long, about nine in each row, and increase rather rapidly in 
size inward to the margin of the disk, which is composed of smaller 
pieces; afew very minute pieces apparently sometimes occur between the 
rows on the dorsal side of the rays [none are apparent in our material]. 
Surface of the dorsal pieces a little granular, but apparently without 
spines. Madreporiform piece rather small, a little oval, or almost 
circular [or trapezoidal], nearly flat, and marked by fine, irregularly 
interrupted, radiating striae. Ventral side unknown." 

Emended description. — ^R = 11 nmoi., r = 6 mm., R = 1.8r. Width of 
ray at base 6 mm. Another larger specimen measures: R = 16 nun., 
r=7 mm., R = 2.3r. Width of ray at base 8 mm. Smallest speci- 
men: R = 4.6 mm., r=2 mm. 

Rays short, stout, tapering rapidly, convex abactinally and longi- 
tudinally ridged, flat actinally. Disk large, probably very convex 
abactinally during life. 

Abactinal area of rays consisting of five colmnns of large, thick, 
tumid, alternating, granulose plates. In the center of the disk there 
is a distinct, highly convex plate around which is arranged a nearly 
complete ring of seven smaller pieces and a comparatively large open 
space which possibly represents an anal opening. This ring is fol- 
lowed by another composed of five large interradial plates between 
each of which laterally and somewhat centrally is intercalated a 
smaller plate radial in position. Laterally and distally to each of 
the five large interradial plates are five large radial plates which are 
the basal pieces of the five radial columns. Against the basal plates 
of the medial ranges there adjoin laterally two large stellate ossicles, ^ 
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each of which is the proximal plate of a supramai^al column. 
The rays are margined by the inframarginal plates. There are 10 
plates in each radial and 9 in each supramarginal colmnn. 

Madreporite abactinal, situated interradially and distally against 
the lai^e interradial plate of the second ring, which is in front of the 
anal opening, and between two of the proximal supramarginal plates. 
It is trapezoidal in form, flat, and marked by very fine, dichotomous, 
radial striae. 

Inframarginal plates completely inclosing all other plates and com- 
mon to both the abactinal and actinal surfaces. Usually there are 
9 or 10 in a column, not counting the axillary plates. Spines ore 
present at least along the inner edges of the inframarginals. 

Abactinally the axillary marginals are not prominent but actinally 
they are very conspicuous. No spines appear to be connected witii 
these ossicles. 

Adambulacral plates small, subquadrate, usually 2 to each 
inframarginal or from 18 to 22 plates in each column. From 4 to 
6 are situated around the inner edge of each axillary, of which the 
2 central ones are largest, being one of the 5 pairs of plates 
making the oral armature. The adambulacral plates originally bore 
on their lateral and inner edges numerous, very short, thick spines. 

Ambulacra! plates nearly entirely concealed by the adambulacral 
plates, apparently as numerous as the latter, and, so far as can be 
determined, like those in P. matutinus Hall. 

Locality and forrncUion. — ^In the lower, middle, and upper beds of 
the Cincinnatic (Ordovicic). Ten specimens have been studied: 
Four in the Harris collection in the United States National Museum 
(No. 40882) from the Richmond formation (Waynesville division) 
about Waynesville, Ohio ; another from the same place and formation 
in the University of Chicago Museum (Gurley collection. No. 10977); 
one from the hill quarries in the Maysvillian series (Vaupel collection, 
U. S. Nat. Mus.y No. 60616) back of Cincinnati; another, said to be 
from Cincinnati, in the University of Toronto (Walker collection, 
No. 691 H. R.); the type-specimen, now in the Museum of Com- 
parative Zo5logy, also from Cinciimati; one in the Ulrich collection 
of the United States National Museum (No. 60617), foimd back of 
Covington, Kentucky, in the Maysville formation, about 315 feet 
above low-water mark in the Ohio River; and the type of Palseaster 
simplex Miller, found near Raysville, Ohio (Faber collection. Uni- 
versity of Chicago Musemn, No. 8830). The holotype of P. darkana 
Miller is in Professor Harper's collection at Cincinnati, while another 
specimen is in the Ulrich collection of the National Museum (No. 
60618). 

Remarks, — ^The writer has seen the type-specimen of Palseaster 
simplex Miller, which agrees with the description and figure given 
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by its author, and it is like other specimens in the Harris collection 
known to be H. incomptus (Meek). Of the latter, Meek only described 
the abactinal area, while Miller^s specimen shows the actinal side. 
The four specimens in the Harris collection unmistakably aflSrm 
that both forms are identical, and since Meek's name has priority 
it is here accepted. 

For remarks as to the relationship of this species see H. mcUuHnus. 

Through the kindness of Prof. George W. Harper, principal of the 
Woodward High School, Cincinnati, Ohio, the writer was enabled to 
study the type of PabeaMer darkana Miller. The specimen is a 
little abraded, but shows all the characters of H. incompivs except that 
it is much smaller m size. The abactinal area on a cursory examina- 
tion shows but three columns, but in several places can be seen pro- 
jecting small parts of the inframarginal columns. The disk also shows 
the same general arrangement and nimiber of plates as ixxHAncomptus. 
There is therefore nothing except the smaller number of plates in the 
columns to distinguish P. darkana from H. incomptus. Bearing 
in mind that the former is but one-third the size of the latter, it is 
not remarkable that P. darJcan^a should have but 6 or 7 plates 
while jET. iTicomptua has 9 to 10 plates in the same columns. The 
entire difference is accounted for when one regards P. darkana as 
the young otH. incomptus. 

Another small but very poorly preserved specimen showing the 
actinal area is in the Ulrich collection of the National Museum and 
agrees with the type of P. darkana. Its measurements are: 
R=»4.5 mm., r=»2 mm., R=2.2r. 

The only ontc^enetic character observable in these small speci- 
mens of H. incomptus is that the columns have fewer ossicles, and the 
same is true of the abactinal area of the disk. It has a central disk 
plate, the first ring of small plates and the second ring of basal radial 
and interradial plates. But no intercalated smaU plates radial in 
position are present. The second ring of 10 plates and the central 
plate are the most prominent. If one were theoretically to reduce 
the size of the animal still more, the plates of the first ring would be 
the first to go and the rays would be simultaneously very much 
shortened, probably obsolete, resulting in a hemispheric nonstellate 
starfish. The abactinal area seemingly will then have but a central 
disk plate and 10 others, 5 radial and 5 interradial in position. On 
the actinal side there will be but the 5 axillary marginal plates 
separated from one another by the ambulacral furrow and the 
ambulacralia. This hypothetic animal therefore closely resembles 
^ ^^ry young ConuUvla without the stalk or column, and also the stage 
of living asterids following the brachiolarial. 

Cat. Nos. 40883, 60616, 60617, 60618 U.S.N.M. 

60001*— Bull. 88—16 6 
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HUDSONASTBR RUOOSUS (BlUlncB). 
Plate 3, fig. 1. 

Palasterina rugom Billings, GeoL Surv. Canada, Rep. of Progress for 1853-1856, 

1857, p. 291; GeoL Surv. Canada, Can. Org. Remains, dec. 3, 1858, p. 77, pL 

9, figs. 2a-c. 
Palasterina nigosa Wright, Mon. British Fobs. Echinod., Oolitic, vol. 2, pt. 1 

(Pateontogr. Soc. for 1861), 1862, p. 27. 
Hudaonaster rugom StiIrtz, Verli. naturh. Ver. preuss. Rheinl., etc., vol. 56, 1900, 

pp. 218, 224, 225. 

Origirwl description, — "Two inches [not over 47 mm.] in diameter, 
rays five, acute at their apices and rapidly enlarging to a breadth 
of four lines [about 11 mm.] at the disk, which is eight lines [about 
17 mm.] in width. The specimen shows the upper [or abactinal] 
side of the fossil only; some of the plates are absent from the center 
of the disk, but those which remain are very prominent in their 
centers, and foughly ornamented by four or five deep crenulations 
or furrows from near the center to the edges, producing a star-like 
appearance re3embling a half-worn plate of Glyptocrirms decadac- 
tylus; their diameter is from one to two lines [largest diameter 4 mm.]. 

''The rays are composed (at least the backs and sides of them) 
of four rows of plates [due to distortion, a careful analysis shows 
five columns] which are so very prominent that they appear to be 
almost globular, and even pointed in their centers, the central 
[radial] rows are the smallest [as in H. incamptus]; the first four 
plates of the outer [supramarginal] row occupy three lines in length, 
and of the inner [radial] rows nearly as many. Toward the point 
of the arm all diminish rapidly in size. 

''Beneath the outer [or supramarginal] rows two others can be 
seen [the inframarginal], which are probably the outer marginal plates 
of the under [or actinal side], corresponding to those of Petraster 
rigiduaJ^ 

Locality arvi formation. — Richmondian series, Charleton formation^ 
at Charleton Point, Anticosti Island. Two specimens collected by 
J. Richardson are now in the Victoria Memorial Museum at Ottawa, 
Canada (No. 1999). 

Remarks. — The same description was republished in 1858 with 
the addition of three figures. These, and a direct examination of 
the two type-specimens, show that this species clearly belongs to 
HudsoTiaster and that it is closely related to H. incomptus. The 
smaller free specimen preserves a portion of the disk and parts of 
two rays and shows clearly the presence of a single large axillary 
plate. H. rugosus, however, attained a considerably larger growth, 
has a greater number of plates in each column and these are described 
as "almost globular,'' while in H. incomptus the abactinal plates are 
very convex but not globular. Then the basal supramarginal and 
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radial plates are much more decidedly ornate. Each of the supra- 
and inframarginal columns has 14 plates against 9 in H. incomptuSy 
and of adambulacrals there are not less than 24 in a column against 
18 to 22 in the same form. All of the ossicles are as strongly papillose 
but not more so than in H. incomptus. The detail of the disk is not 
determinable. 

HUDSONASTBR BATHBRI, new wp&dm, 
Plate 3, fig. 3. 

TetnuUr vjyviUe-thofnuoni Nicholson and ErHERmoB (part), Mon. Siluiiait 
FosB. Girvan Dist., Ayiahire, faac. 3, 1880, p. 324, pi. 21, figs. 1, 2 (not the 
other figs.). 

A small Hudsonaster. R»6 mm., r— 2.7 mm. The largest 
specimen: R«8 mm. 

Actinal side only known. Inframarginal columns the largest, 
with 8 or 9 distinctly tuberculate plates. Inside of these are 
the columns of narrower and slightly shorter adambulacrals that 
lie somewhat below the level of the inframarginals; there are 
10 or 11 of these plates bounding the ambulacral grooves, and the 
pieces of adjacent columns are opposite or nearly opposite one 
another. The ambidacral grooves are very narrow and deep and 
no ambulacralia are discernible. 

FomuUion and locality. — Dr. F. A. Bather made wax squeezes 
for the writer from three natural molds in the collection of Mrs. 
Robert Gray, Edinburgh ; the originals are from the Upper Ordovicic 
of Thraive, Girvan District, Scotland. The holotype is the specimen 
illustrated as above cited. 

Remarks. — Nicholson and Etheridge confused at least one of these 
specimens with their Tetrdster wyviMe^thomsoniy a species of totally 
different construction, a cryptozonian, described elsewhere in this 
work. Actinally the new species is in harmony with Hudsonaster 
and although the abactinal side is unknown, it is thought that it 
will be found to be like that in H. matutinus. 

Cat. No. 60601, U.S.N.M. 

Genus SILURASTER Jaekel. 

Text fig. 6. 

SUuraster Jaekel, Zeits. geol. Ges., vol. 56, 1903, Protokol, p. 13 (106), figs. 2, 
3, on p. 108.— Spencer, Mon. Brit. Pal. Asterozoa, pt. 1 (Fakeontgr. Soc. for 
1913), 1914, p. 18. 

Description. — "A typical asterid with opposite ambulacralia and 
with weQ-developed marginalia, therefore a true form of PJumero- 
zonia. The strongly folded madreporite lies dorsally in an inter- 
radius." 



adu 
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From tha two excellent illustrations the following is made out: 
Inframai^inals conspicuous and as large as the adambulacrals. 
Both columns finely tuberculate, with the ossicles of each alternating 
with one another. Proximally the inframai^inals of adjacent rays 
rest on a somewhat lai^er axillary plate. The interbrachial areas 
are therefore made up of single axillary ossicles (Jaekel's mar^al 
oral) and in front of these lies a pair of pointed adambulacrals, the 
conspicuous pieces of the oral armature. These are perforated for 
the continuation of the ring canal. The podial openings as usual 
lie in the comers of four adjacent adambulacrals and ambulacrals, 

but there is a de- 
'"^ „ cided tendency to 

restrict them to 
a An o^y one of the am- 
bulacral comers. 

ddi Abactinal area 

_ ,'•' ~ d 9 unknown. 

nC , _ flemarits. — This 

« * J 8P^ ' genus appears to be 

</2 ro Qf^ dogeiy related to 

Eudsonaater. but 
untJlSiluraster is 
■ more fully worked 
' out it will remain as 
an obscure genus. 
Genoholotype and otJaj spedea. — 8. perfectua Jaekel. Ordovicic 
(D4), Zahorzan, Bohemia. 

Family PAL^ASTERID.3: Gregory (emend.). 

Palxtuteridx (part) Miller, N. Amer. Gwl. Pal., 1889, p. 216.— Gkboort, G«o1 
Mag., dec. 4, vol. 6, 1899, p. 344 (contaiiu Fabeaaterins, XenasteriiiK, and 
LindatTomBsteriiiiE];Treat. Zoo)., vol. 3, Echinoderma, 1900, p. 250. 

PaUeoiterinx SchCndobt, Jahrb. nasBauiach. Ver. Naturk., Wiesbaden, vol. 63, 
1910, p, 244. 

Paltsgoniatteridm (part) StUbtz, Palieontognphica, vol. 36, 1890, p. 246 (contaiue 
Aipidotomelta and Pal»aler). 

Primitive, derived, fire-rayed Pbanerozonia with the ambulacrals 
slightly alternate or opposite. Interbrachial arcs incipient or some- 
what enlarged, and occupied by single axillary maigiual plates. No 
accessory interbrachial or axillary interbrachial plates present, but 
there are developed accessory abactinal ray ossicles. Actinal plates 
consisting of ambulacrals, adambulacrals, and inframarginals. Mad- 
reporite abactinal. 

Contains; 

PaUeaster Hall. 
Austraiaster, new genus. 
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Genus PAL.£ASTER Hall (emend.). 

Plate 7, figs. 1-1. 

PaiMosUrBjiLL, Nat. Hkt. N. Y., Pal., vol. 2, 1852, p. 247; Twentieth Rep. N. Y. 

State Gab. Nat. Hist., 1868, p. 282; rev. ed., 1868=1870, p. 324.— Zittel, 

Handb. P^., vol. 1, 1879, p. 452. 
FaiMogUr Nicholson and Ethsbidob (part), Mon. Silurian Foes. Girvan Diat., 

Aynhire, fasc. 3, 1880, p. 319. 
(NotPa2»Mter Salteb, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, p. 323== Uras- 

UreUa.) 
(Not Palxatter of most Authobs.) 

Oenerie eharacUra. — ^Disk small and without distinct interbrachial 
arcs. Rays five and slender. 

Abacdnal area of disk centrally occupied by a lai^e plate, then a 
ring of 5 separated; somewhat smaller, radially situated ossicles, 
and inside the axillary pieces there are 5 subtriangular interradial 
plates; against which lie 10 very large and conspicuous proximal 
supramaiginal plates. Between the central, radial, and interradial 
plates are numerous small accessory pieces which separate the pri- 
mary ossicles one from another. These accessory plates also continue 
to crowd from the disk into the rays between the supramaj^inals, 
and thus take the place of the radial columns, but ajce absent in the 
distal third of the rays. Each ray has therefore 4 conspicuous 
columns of plates, the 2 supramai^inals situated inwardly of the 
2 maiginal inframarginals. The former coliunns terminate in 10 
very laige proximal plates situated in the axils of the disk, while the 
inframarginals rest against the 5 very large a^tinal axillary maigi- 
nal pieces. All of the large plates are centrally smooth, bordered by a 
pustulose area. 

Madreporite abactinal, of medium size, circular in outline, and 
radially striate. It lies on top of two proximal supramaiginal plates 
and the adjoining interradial plate. 

Inframarginal plates thick and large, about as many in a column 
(13) as in those of the supramarginals (13 or 14). The latter do 
not completely overlie the inframarginals, since these bound the 
rays both actinally and abactinally. The inframarginal plates, like 
the plates of the abactinal area, have each a lai^e, smooth, central 
space encircled by a pustulose area. From their ixmer sides articu- 
late short, thick, blunt spines, of which there are apparently not 
more than 2 to each inframarginal plate. 

Axillary marginal plates large, hexagonal, one in each axil and 
common to both sides of the disk axils. 

Adambulacral plates small, tumid, alternating in the main with 
the inframarginal plates throughout the distal two-thirds of the rays, 
but toward the mouth there are a few more adambulacrals than in- 
framarginals. (In the type-specimen there are 13 of the latter in a 
column to 16 of the former.) Oral armature consists of at least 5 
pairs of drawn out and pointed basal adambidacrals. Along the inner 
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side of each adambulacral plate there is a linear brush -of from 5 
to 7 short, slender spines. 

Ambulacral grooves very narrow, tapering but very slowly. Am- 
bulacral plates obscured by the rock but apparently very short, one 
to each adambidacral and placed opposite one another. 

Genoholotype {type hy monotypy) and only species. — P. niagarensis 
Hall. Siluric (Rochester shale) . 

Remarks. — ^To this genus has been erroneously referred a multitude 
of Paleozoic starfishes. It is to the starfishes what Terehratida and 
RhynchoneUa used to be among the brachiopods — a general dumping 
ground for Paleozoic forms. This lack of generic conception regarding 
Palaeaster lies somewhat in the fact that Hallos original diagnosis is 
very meagre and that he did not describe nor illustrate the abactinal 
surface, probably the most important area amongst Paleozoic aster- 
ids for specific and generic differentiation. Of the twenty-four Amer- 
ican species listed under Paiasaster by S. A. Miller^ only one now 
appears to belong there, the genotype. All others are here referred 
to Hudsonaster, UrastereUa, Mesopalaeaster, PromopalaeaMerf Anorth- 
aster, Devoruister, and Neopalsea^ter. 

No new material of this genus accessible to the writer appears 
to have been foimd since Colonel Jewett discovered the original 
two specimens of PalseaMer niagarensis. The writer therefore had to 
make the most of this material, and to determine the structure of 
the abactinal area he worked away much of the blue shale from the 
back of the one good specimen. The finer detailed structure was then 
revealed by cleaning with caustic potash. 

In 1858 Billings proposed the genus Stenaster* and writes that 
''as it has been suggested that the two species hereinafter described 
should be referred to Palsea^ter, I give the following figure of the genus 
in order to show the difference." This figure is a good reproduction 
of Hall's figure 27. Billings then points out that ''if the large plates 
which border the grooves in Pdlxaster be adambulacral, then there 
are only five oral plates, whereas in Stenaster there are ten. But if 
they be not adambulacral but marginal plates, then Palseaster must 
have both marginal and adambulacral [the correct view], while 
Stenaster has only the latter." 

Hall's generic description is very meager and his figures give 
the impression that the rays bear but a sin^e column of mai^ginal 
spiniferous plates. With this evidence one can imderstand why 
Billings was in doubt as to whether these plates are inframaiginals 
or adambulacrals and therefore the uncertainty as to the nature of 
the five large axillary marginal plates. If, however, he had read 
HalVs accurate specific description, Billings would have seen that an 
important discrepancy existed between the description and figures. 

1 North Amorican Ooology and PalsBontology, 1889, p. 265. 

1 0«ol. Burv. Canada, Canadian Organic Remains, deo. 8, 18S8, pp. 77, 78. 
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Hall writes: ''Lower side of arms showing two ranges of plates on 
eacli side of the avenue, the outer range composed of strong hex- 
agonal plates, with an inner range of smaller ones alternating, the latter 
usually covered by tufts of spines." The type-specimen clearly 
shows columns of adambulacral and inframarginals bordering the 
ambulacral grooves and that in each axil there is a single large axillary 
marginal plate. This matter need not here be followed furtjier than 
to add that Steruuter originally included two generic types, both of 
which are widely different from Palseaster. On the other hand, Hall^ 
is in error in r^arding all of Stenaster as synonymous with Uraster- 
ella McCoy, a name never properly defined and finally abandoned by 
its author. BilliogB originally referred to Stenaster, 8. saUeri, and 
S, pulcheUus. The latter is certainly congeneric with the type of 
UrastereUa as illustrated by Salter, but the former is quite different, 
as is pointed out elsewhere in the remarks on Stenaster, which is a 
good genus. 

PdUeaster in many respects reminds one of Hvdsonaster, and the 
actinal generic characters may be regarded as alike m both. The 
abactinai area is also similar, but in Hudsonaster there are five columns 
with decidedly fewer plates, while in PalsecLster there are no radial 
columns. The former genus is the more primitive one and the 
progression in differentiation toward Palseaster appears to be as fol- 
lows: In Hudsonaster^ the rays throughout are composed of five 
columns of plates, two inframarginals, two supramargioals, and one 
radial. In Pdlseaster, there are but four colunms in the outer third 
of the rays, two infra- and two supramaiginals, but in the proximal 
two-thirds where the radials are also absent, their place is occupied 
by numerous small, irregular accessory plates. This introduction of 
numerous supplementary plates also takes place to a far greater 
extent on the disk, where they are crowded in between the larger 
central and the five basal radial plates. 

The primitive disk structure of Palseaster is in large part i^aiti 
repeated in Neapalseaster, but otherwise the two genera are different. 

PALAASTSR ITIAOAHSNSIS BaU. 

Plate 7, figs. 1-4. 

PaUeatter niagarensis Hall, Nat. Hist. N. Y., Pal., vol. 2, 1862, p. 247, pi. 
51, figs. 21-23 (not p. 352, pi. 85, figs. 8-10, possibly an undescribed 
species). — ^Billings, Geol. Surv. Canada, Can. Oig. Rem., dec. 3, 1858, p. 
78, fig. 1.— Hall, Twentieth Rep. N. Y. State Cab. Nat. Hist., 1868, p. 282; 
rev. ed., 1868^1870, p. 324. — Qubnbtbdt, Petrefactenkimde Deutschlands, 
vol. 4, 1876, p. 73, pi. 92, figs. 32, 33.— Hudson, Bull. N. Y. State Mus,, 
No. 164, 1913, pis. 9, 10, 12, 13. 

Oriffindl description. — ''Body stellate; disk small; arms short, terete 
witli a deep avenue on the lower side, which is margined by strong 
short spines; centre of plates (in the fossil) nearly smooth, margins 

1 Tirantfeth Rep. N. Y. State Cab. Nat. Hist., rev. ed., 1808-1870, p. 825. 
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strongly granulate; lower side of arms showing two ranges of plates 
on each side of the avenue, the outer range composed of strong 
hexi^onal plates, with an inner range of smaller ones alternating, 
the latter usually covered by tufts of seines; a large pentagonal plate 
inserted at the base of the arms, on the lower side. 

'^In this species, the arms are about twice as long as the width of 
the disk. There are about 15 or 16 plates in each range from the 
base to the apex of the arms. The range of the plates maigining 
the avenue are usually not visible, the whole being covered by the 
short spines, which also partially fill the avenue/' 

In 1870 Hall added the following important observations: 

''I have distinctly recognized the two ranges, marginal and 
adambulacral plates; bu4 the inner ones are not shown in the figure 
as they should have been, while the large plate at the axil of the ray 
(though the adjacent small oral plates of the inner range are not 
seen) is evidently part of an incomplete series, and clearly belongs 
to the marginal range. 

^'The genus Pcdseaster has two ranges of plates on each side of the 
ambulacral groove; marginal and adambulacral plates on the lower 
side, besides ambulacral or poral plates. The upper or dorsal side 
has three or more ranges of plates." 

Emended description, — ^Measurements: R=18 mm., r«5 mm. 
Width of ray at base 5 mm. 

Rays long, slender, tapering slowly; abactinally strongly convex 
and longitudinally ridged; flat actinally. Disk comparatively large, 
strongly convex and probably abruptly elevated above the rays 
abactinally. There are no interbrachial arcs, but the five axiUaiy 
marginal plates occupy the axils and are also partially visible 
abactinally. 

Abactinal area of rays consisting of 4 columns of laige, thick, 
convex plates. These are the supra- and inframarginal columns. 
The supramarginal plates of each ray are distally in contact with 
one another along the mid-line, but proximally they are forced more 
and more apart by a series of small, irregular, accessory plates. In 
the center of the disk there is a small, oonvex disk plate around which 
are situated radially 5 other small ossicles, all of which are sepa- 
rated from each other apparently by a considerable nimiber of minute 
intercalary pieces. Just inside of the axils are 5 large, subtriangular, 
interradial plates and adjoining these directly are 10 large and con- 
spicuous ones, the proximal plates of the supramarginal columns. 
In each column there are about 13 plates, not coimting the proximal 
piece. Between all of the larger plates of the disk and for two- 
thirds the length of the rays between the supramarginals, there are 
numerous small, convex; irregularly shaped, accessory plates. All 
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the larger os^cles of both sides are centrally smooth, surrounded by 
a finely pustulose border. 

Madreporite situated interradially and distally upon the three 
laige plates just inside an axillary marginal plate, two of which are the 
proximal plates of supramarginal columns of adjoining rays. It is 
circular in outline, flat, and radially striated. 

Inframarginal plates occupying the outer edges of both the actinal 
and abactinal areas; from 13 to 15 plates in each column. The 
sapramarginal plates are situated above and inside the inframarginals, 
which inwardly bear short, thick, club-shaped spines. Otherwise 
they are ornamented like the abactinal plates. 

Adambulacral ossicles small, subquadrate, each one alternating 
distally with an inframarginal plate, but proximally they are some- 
what more numerous, there beixig from 17 to probably 20 in a column. 
On these plates lie two series of spines — the two short, thick, club- 
shaped ones of each inframarginal plate — ^while on the inner side of 
each adambulacral there is inserted a linear brush of from five to seven 
slender, short spines that are outwardly and laterally directed. 

Ambulacral grooves very narrow, deep, and gradually tapering. 
Ambulacral plates not well seen but apparently very short, one to 
each adambulacral and directly opposite one another. 

Axillary marginal plates five in number, very large and conspicuous 
actinally, also showing slightly abactinaUy. 

Locality and formation. — ^The only good specimen was foimd many 
years ago by Col. E. Jewett in the Siluiic (Rochester shale) at Lock- 
port, New York. A fragment of the ray of a much larger individual, 
nearly twice the size of this type, was found by the same gentleman 
at the same place. These specimens are now in the paleontological 
muaeimi of Cornell University (No. 7331) and were presented by 
Hon. Ezra Cornell. Long after the study of the form was com- 
pleted another specimen preserving two rays and showing the actinal 
side was learned of in the University of Toronto (Walker collection, 
No. 1008). It was found at Grimsby, Ontario. 

Remarks, — ^This species has never been well described nor figured, 
and has accordingly led to endless generic confusion. Almost any 
Paleozoic starfish with large marginal plates has been referred to 
Palxaster. This lack of generic conception was partially due, as 
stated above, to the fact that the abactinal side remained unknown. 
The specimen lies imbedded in blue shale showing the actinal area, 
and the abactinal side was revealed by Ihe writer by cutting away 
the slab to the starfish and then developing the individual plates 
with caustic potash. 

In a general wBjPaiseasterniagarensis resembles several species but 
aH are distinguished by generic characters. The nearest one is 
Hndsonaster incomptus from the Cincinnatic strata, but it differs at 
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once in having five inatp^ of four cohunns of large abactinal plates. 
Tliere are also a far less number of the accessory plates so numerous 
on the disk and the proximal medial areas of the rays in Pdlsdfutn 
niagarensis, 

Hall^ refers a fragment to this species which clearly is of quite 
another species. It b very far removed from P. niagarensis and 
for the present need not be con^ered. Hie specimen has not been 
seen by the writer. 

AUSTRALASTER, new genus. 

Plate 4, fig. 4. 

PalxasUr (Monaster) ^EnmaaDQ^, jr. (part), Mem. Geol. Surv. New South Wales, 

Pal., No. 5, pt. 2, 1892, p. 74. 
Moruuter Grboobt, Geol. Mag., dec. 4, vol. 6, 1899, p. 345 (not of Etheridge, jr.). 
Auitrakuter Sghuchbbt, Foflsiliiim Gatalogus, Animalia, pt 3, April, 1914, p. 12. 

Austral^&onihem and aster. A Paleozoic starfish restricted to 
Australia. 

Generic diagnosis. — ^Animal attaining a very large size, with five 
long, slender, almost stra^htnsided rays, terminating bluntly. 
Interbrachial areas comparatively small, widely concave, and occu- 
pied by ponderous, single, axillary marginals and inframarginal 
plates. 

Abactinal area unknown (see A. (f) stuUKburii). 

Actinally the animal is bounded by inframai^inal plates which 
however do not appear to be present in the distal tliird of the rays. 
If such plates are present in these outer regions, they are either 
very small or gradually pass from the actinal to the abactinal area, 
the latter condition occurring in related genera. The inframarginals 
in the outer third of the rays are small, subquadrangular, and rounded, 
thonce they increase rapidly in size proximally, become decidedly 
transverse, and in the axils the columns abut against a very large 
axillary inframarginal. The largest plate is the axillary marginal, orad 
to which occur the pairs of enlarged oral armature ossicles. The 
inframarginals appear to be nearly smooth and devoid of spines. 

The adambulacrals in the distal third of the rays are numerous, 
very short, but quite wide — that is, are decidedly transverse, and 
docrease rather rapidly in breadth toward the tips of the rays. 
Proximally these plates also decrease quickly in width and rapidly 
pans inside of the inframarginals. Inside of the axillary marg'mals 
the plates are again prominent and especially the pairs of oTfSL anna- 
ttiro pieces. Each adambulacral plate bears prominent tubercles 
for the articulation of stout but short spines. The columns have 
tJio piecoB arranged with a decided slant outward and distally. 

1 Mvontology of New York, yol. 3, 18B3, p. 362 and pL. 85, flgt. 8-10. 
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Ambalacral furrowB deep, slender and tapering slowly. Ambu- 
lacral plates unknown. Oculars not present. 

Genokolotype, —Palseagter (MonasUr) giganteus Etheridge, jr. The 
specific description and the bibliographic references are included in 
the generic diagnosis. 

Restricted to the Lower Marine series of the ''Fenno-Carbon- 
iferous" of New South Wales. 

AUSTKALASTJ£K(?) STUTCHBURII (BCheridgs, Jr.). 

Palmasier {Monatter) gttUdUmrii £thbru>ob, jr., Mem. Qeol. Surv. New South 

Wales, Pal., No. 5, pt. 2, 1892, p. 73, pi. 13, fig, 1. 
MonoMter $tutchbuni Grsoort, Qeol. Mag., dec. 4, vol. 6, 1899, p. 346. 

This species is found associated with A. gigarUeua and its preserva- 
tion is such that the form is very imperfectly known. In some 
respects it resembles that species and may prove to be a smaller 
specimen of it, but until the disk marginals are known the differ- 
ences will remain obscure. 

li A. (t) skUcHurii has the large disk marginals of AustralaMer, 
it then seemingly will have the essential structiure of that genus. 
Bearding this the writer wrote Professor Etheridge in 1900 and 
he replied that ^'axillary plates are not visible in the specimen". 

Since the abactinal area of A. gigantetis is unknown, it is desirable 
to give here the abactinal structure in ^. ( t) stutchburiiy as it may 
prove to be coi^eneric with A. giganteus. 

''Abactinal surface moderately convex, bearing several (five or 
six) rows of small convex polygonal plates, inclusive of the margi- 
nal pieces, and becoming much crowded at the apices of the rays, 
where they form oblic[ue rows." If these plates throughout the 
rays are as figured by Etheridge for the distal ends, the strongly 
quincuncial arrai^ement of the polygonal, closely adjoining plates 
is another good generic character for AvMralaMer. 

PROMOPALiEASTERIDiE, new family. 

Progressive Phanerozonia with distinct columns of inframar- 
ginal plates. Interbrachial areas more or less complex, composed 
either of inframarginals, axillary interbrachials and ambidacrals, 
or of these with the addition of interbrachial marginab and acces- 
sory interbrachials, or entirely of adambulacral plates. Ambu- 
lacrals as a rule opposite, but they may also be slightly alternating. 
Podial openings through the sutiires in the lateral comers of the 
ambulacral plates, but proximally a few alternate pores may grad- 
ually pass medially, when there are four columns of podial openings 
in each ambulacra! furrow. 

Madreporite abactinal. 

Abactinal plates very numerous, generally small, either in dis- 
tinct columns or rows or without either arrangement. The radial 
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and supramarginal columns may be very distinct or may be ob- 
scured as such. Accessory ossicles always more or less abundantly 
developed. 
Contains: 

Mesopalseasterinae. 

PromopakeasterinsB. 

AnorthasterinsB. 

m 

JMCBSOF A Ti TH: ASTKBUJ JE. ne^^v- sabfaznily. 

Palxocomtdx Gbboory, Treat. ZooL, vol. 3, Echinoderma, 1900, p. 254. 

Primitive FromopalseasteridsB with the interbrachial areas small, 
composed of one pair of inframarginals^ single axillary interbra- 
chials, and the adambidacral plates. 
Contains: 

Mesopalseaster, new genus. 
Spaniaster Schondoif . 
Miomaster Schondoif. 
DevonasteTf new genus. 

MESOPAL-^CASTER, new genus. 

Plates 7-11. 

PdUeaster (part) of Authors. 

TArgaater Hall, Twentieth Rep. N. Y. State Cab. Nat. Hist., 1868, p. 287: rev. 

ed., 1868=1870, p. 329. 
Me8opaUea8ter Schuchert, Fossilium Catalogus, Animalia, pt. 3, April, 1914, 

p. 24. 

Meso = middle, and Palseaster. Not the largest of PakBasters of 
authors. 

Generic characters. — ^Rays five, slender and tapering. Disk small, 
with incipient interbrachial arcs. 

Abactinal area with distinct colimms of radial and supramar- 
ginal plates, between which are inserted rows of accessory pieces, 
one or two on each side of the medial columns. In mature specimens 
the radial columns are less prominent proximally than distally. 
The accessory colimms proximally may also have here and there 
inserted on each side a smaller piece, when the area between the 
supramarginals has not only three or five columns of plates but also 
other additional small plates. The inframarginal colimms margin 
the rays, while the supramai^inals Ue somewhat inside and above 
the former. Between the two columns of marginals there may be 
a row of accessory ambital plates. The arrangement of the plates 
of the disk appears to be as follows: In the center there is a small 
plate around which is a first ring of 7 pieces, followed by a sec- 
ond ring having not less than 14 plates, and these arc nearly of 
one size. The medial ray columns terminate on the disk in 5 
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laige radial plates, but inside of the proximal supramarginals there 
is BO basal interradial plate as in Hvdaonaster, 

Madreporite unknown. 

Inframarginal and adambulacral plates as in HvdsonaMer, except- 
ing that two of the former and a single axillary plate are in each 
interbrachial area. Oral armature so far as preserved adambulacral, 
consisting of five pairs of basal adambulacrals. 

A single, pentagonal, axillary interbrachial plate is present in 
each aiea^ orad to the two axile inframarginal plates. 

Ambulacral grooves deep and almost closed by the adambulacral 
columns. Ambulaisral plates carinate and apparently one to each 
adambulacral ossicle. Their relation to one another is not definitely 
determinable, but apparently they are slightly alternate or nearly 
opposite. 

Genoholotype. — Pdlseaster shafferi Hall. 

DistrihuHon. — ^The species of MesopcHaROster are restricted to 
America in the upper portion of the Ordovicic and the lower portion 
of the SUuric. A species doubtfully referred to this genus occurs 
in the Lower Devonic of Germany, and another in the Upper Devonic 
of Maryland. 

The following are the species of Mesopdlseaster: 

M, shafferi (Hall). Middle and upper beds of the Cincinnatic 
series. Possibly also in the Utica formation of New York. 

if. ifUermedius, new species. Maysville formation. 

M.Jinei (Ulrich). Eden formation. 

Jf. (f ) lanceolatus, new species. Utica formation. 

Jf. proavitua, new species. Eden formation. 

M. (t) wUberanus (Meek and Worthen) . Richmond series. 

if. (f) dvbius (Miller and Dyer). Upper Trenton. 

Jf . (f ) andquua (Troost) . Upper Trenton. 

if. (f) parvitLSculus (Billings). Siluric (Lower Arisaig). 

Jf. (f) catarcLctensiSy new species. Siluric (Cataract formation). 

if. granti (Spencer). SUuric (Cataract formation). 

Jf. bellultLS (Billings). Siluric (Rochester shale). 

if. earadaei (Gregory). Caradoc of England. 

Jf- (f) a>cuminatu8 (Simonovitsch). Lower Devonic of Germany. 

Jf. (f) elarki (Clarke and Swartz). Upper Devonic (Jennings 
formation). 

Remarks. — MesopalsBaster apparently developed directly out of 
Hudsanaster in that the single axillary marginal plates are in the former 
genus in nearly all the species pushed inward (interbrachial) and 
their former place occupied by the proximal plates of adjoining 
inframarginal cohmms. The same generic feature also distinguishes 
MesapdheasUr from Pdlaeaster. Further, in Hudsonaster there are 
no abactinal accessory ray plates, but in Mesopdlseaster one or two 
more or less completely developed columns are inserted on each side 
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of the radial colimms or, in other words, between the radials and 
supramarginals. Between the inf ramaiginal and supramargmal plates 
in MesopdlsBaster there are also either a few incipient accessory plates, 
which in young specimens are wholly absent, or there is a complete 
column of these ambital plates. The accessory and axiQary inter- 
brachial plates are additions to the generic structure of Hvdsonaster 
and Palseagter, and further distinguish Mesopdlseaster from both. 
This progression toward a greater jiumber of columns of abactinal 
plates attains its maximum in PromopalsBaster and is most marked in 
P. rnoffnificuSf which has not less than 28 columns at the base of a 
ray and 5 interbrachial marginal plates in each.interbrachial area. 
The ambulacral furrows, which are very narrow in Hvdsaruister, are 
Hkewise so in MesopdUeaster, but are wide in PromopdUeaster. Spi- 
nosity, which is practically absent abactinally in Hvdsonasterf is 
developed in Mesopdlseaster and very pronounced in some fonns of 
PromopdUeaster (P. spinulosus and P. dyeri). This is apparently also 
true for the spines of the actinal area. 

The youthful plate structure of recent species seems to be retained 
to maturity in Hvdsonaster and somewhat so also in the genotype 
of MesopdlsRaster but in PramopdlsecLster the central area of the disk 
is occupied by numerous very small plates and no definite arrange- 
ment is discernible, though this is in large part due to their displace- 
ment through fossilization. However, it is certain that the basal 
radials and interradials do not increase nor maintain a relative size 
as in Hudsanaster and in the genotype of MesopalsBoMer (here 
radials only), but must have diminished to that of the accessory 
plates from which they are now not distinguishable. From Hudson- 
aster through Mesopdbeaster into PromopdUeaster the animals are 
constantly increasing in size, and this also continues in the species 
of the latter genus, attaining culmination in P. rruiffnificus and P. dyeri. 

While the generic abactinal differences between Hvdsonaster and 
MesopdUeaster are easily made out, this is not so readily accom- 
plished between the latter and Promopalaeaster. All of the abactinal 
generic characters of Mesopalseaster are more pronounced in Pro- 
mopdlaeaster excepting that in the former the ambital accessory 
plates are almost always undeveloped as colimms, while in the latter 
these plates are always well developed in one or more colimms. 

When the actinal area is shown, Mesopalseaster is at once distin- 
guished from PromopdUBOster in that it has but one axillary inte^ 
brachial plate in each interbrachial area, while the latter has always 
two or more up to five ( » interbrachial maiginals) in each area. 

Devonaster in some respects is closely related to Mesopdbeaster 
and may be in the line of descent from the latter. However, the disk 
in Mesopdheaster has far fewer abactinal plates, and there are no 
distinct interbrachial arcs with numerous small accessory plates 
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as in Devonaster. The pieces of the radial columns in Mesopaiseaster 
adjoin one another and are not separated by intercalary plates, nor 
are these nearly po numerous between the radial and supramarginal 
columns as in DevonaMer. These accessory plates in Devonaster are 
also iiT^:ularIy disposed and not in colxmms as in MesopcUseaster. 

The name Argaster has not been defined nor is it mentioned in such 
a way that anyone will recognize that HaU intended it for a new genus 
or subgenus. In addition, its genotype {Asterias arUiiqu/i^ Mesopalser 
aster (f ) antiquus) is a poorly known speciesl Under these circimi- 
stances, and the additional one that the name Argaster never has had 
any standing as a genus, it should not now be rehabilitated by 
paleontologists. 

BCBSOPALAASTSR 8HAFVBRI (Hall). 

Plate 8, figs. 1, 2. 

Pabsaster tihafferi Hall, Twentieth Rep. N. Y. State Cab. Nat. Hist., 1868, p. 284; 
rev. ed., 1868=1870, p. 326, pi. 9, fig. 1.— Mbbk, Geol. Surv. Ohio, Pal., vol. 1, 
1873, p. 66, pi. 4, fig. 1. 

Original description, — **Body of about medium size composed of 
five tapering, acutely pointed rays, which, in the specimen examined, 
measure seven-eights of an inch from the center of the disk to the 
extremity. The lower side of the ray is formed of two ranges of plates 
bordering the ambulacral groove. The marginal range consists of 
moderately convex plates which gradually decrease in size from the 
base to the extremity of the ray, 22 or 23 in number [not more than 
20 exist in any ray of the type-specimen], besides a small terminal 
one at the angle of the range; each plate of the marginal range is 
marked on its outer surface by a comparatively lai^e cicatrix for 
the attachment of a strong spine. The izuxer range of plates (adam- 
bulacral) are somewhat smaller, about the same in number, alternat- 
ing with those of the marginal range; the ba^al pair (oral plates) 
are elongate-triangular, and slightly constricted near the middle. 
Ambulacral areas narrow, composed of a double range of poral plates, 
which at the middle of the ray are about of equal length and breadth. 
Pores not observed. [The writer could not make out these plates in 
the type-specimen and believes those described to be the inner sides 
of the actinal plates.] Upper surface of the ray composed of three 
ranges of subnodose plates, the outer ranges bearing a strong spine 
on each plate; the central range apparently destitute of spines. No 
spines have been observed, but the plates are strongly carinate or 
pointed." 

Emended description. — ^The largest specimen in the Harris collec- 
tion measures : R » 1 9 mm., r ■« 5.5 mm., R » 3.5r. Another specimen 
of the same collection: R»16 mm., r»5 mm., R = 3.1r. The 
smallest known specimen in the Vaupel collection: R»6.5 mm., 
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r « 2.5 mm., R « 2.6r. The type-specimen, which is the largest known 
example, measures: R=«21 mm., r=6 mm., R = 3.5r. Width of ray 
at base in various mature examples 5 nmi. to 7 mm. 

Rays more or less long, slender, abactinally slightly convex, with 
marked longitudinal ridges, actinally flat or concave. Disk of medium 
size, abactinally convex and without interbrachial arcs. 

Abactinal area of rays occupied by a central range of radial plates, 
on each side of which there is a range of accessory ossicles which 
however do not attain the distal portion of the rays. In mature 
rays there are in the proximal region also inserted a few plates on 
each side of the intercalary columns. Outside of the latter are 
the ranges of well-defined supramarginal plates which slightly overlap 
the inframai^inals. The mai^inal and radial plates are most promi- 
nent, and all are highly carinate or pointed. There is a single la]^e 
spine on the apex of all radial and accessory plates and several 
smaller ones are also arranged around it. The supramarginal plates 
have numerous granules which bore articulating spines. The plates 
of the disk can not be clearly made out, but in a small specimen 
somewhat distorted there appears to be a small central plate sur- 
rounded by a first ring of 7 ossicles followed by a second ring of 
14 plates. These pieces are all nearly of a size. The medial ray 
columns terminate in 6 lai^e basal radial plates, while inside of 
the proximal inframaiginals there is no laige interradial plate as in 
Hudsonaster incomptua. 

Ambital area very illy defined, but in the angles between the lai^ 
infra- and supramai^ginal plates there are here and there inserted 
tiny accessory pieces. In a yoxmg individual there are none of these 
accessory plates. 

Madreporite unknown. 

Inframaiginal plates distinctly granulated, completely inclosing 
all other abactinal plates and common to both the abactinal and 
actinal areas. In mature specimens there are from 15 to 20 plates 
on each side of a ray. Laterally each plate has a well-marked small 
pit, probably the place of attachment for rather strong spines, none 
of which however have been observed. 

Interbrachial areas with single, hexagonal, axillary interbrachial 
plates. 

Adambulacral plates slightly elongate-subquadrangular, of which 
there are from 18 to 20 on each side of a ray; distally they appear to 
pass over and to cover completely on the actinal side the inframar- 
ginal plates. Between the adambulacral columns there is a more or 
less wide ambulacral furrow. Each adambulacral plate bears on its 
inner edge a rather thick but short, slightly striate spine and several 
minute ones. Orad to each axillary interbrachial there is a pair of 
prominent elongate-triangular adambulacral plates bearing spines, 
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one of the five pairs constituting a part of the oral armature. In other 
words, the adambulacral columns of adjoining rays are continued 
around the axillary interbrachials by two modified plates. 

Ambulacral grooves deep, nearly closed by the adambulacralia. 
Ambulacral plates not well shown but apparently carinate, one to 
each adambulacral ossicle, and whether alternate or opposite can 
not be stated. 

Locality and formation. — ^In the middle and upper stages of the 
Cmcinnatic group (Ordovicic). The type-specimen (No. 1195, 
Amer. Mus. Nat. EBst.) was found by Mr. D. H. ShaflFer at Cincin- 
nati, Ohio, probably in the Maysville formation. Mr. Vaupel found 
a young individual showing the abactinal area (No. 60605, U.S.N.M.) ; 
another young one was secured by Mr. Faber (No. 9568, University of 
ducago), and Mr. George Oeh found an excellent matured individual 
preserving the actinal area (now in the Yale Museum), all from the 
Maysville formation on the hills back of Cincinnati. Two good speci- 
mens and another small poor one are in the Harris collection of the 
United States National Museum (No. 59391) and were found in the 
Waynesville division of the Richmond formation near Waynesville, 
Ohio. 

A small asterid preserving two rays and a portion of the disk is in 
the United States National Museum collection (No. 23540) and was 
found by Mr. W. P. Rust in the Utica shales one and a half miles east 
of Rome, Oneida County, New York. It is associated with Trinudeus 
eoncentricus, DalmaneUa testudinaria multisecta, and other species. 
The abactinal area only is shown, and appears to be that of Meso- 
pakeaster sTiafferi. It does not appear to be a Promopalseaster because 
of the fewer colimms of abactinal accessory plates, and the axillary 
structure makes it almost certain that there is here but a single axil- 
lary interbrachial plate. For the present it may be provisionally 
referred to this species and attention is thus directed to it so that local 
collectors may be on the lookout for other material. 

Remarks. — This, species has actinally much the appearance of 
Evdsonaster incomptus, but the latter is at once distinguished by not 
having the five axillary interbrachial plates of Mesopalseaster shafferi. 
M. (f) parvivsculus (Billings) is smaller, with far less plates in all the 
columns than in M. ahafferi. M. it) parviusculus and M. grand differ 
also abactinally and ambitally in the better developed accessory 
plates. 

Cat. Nos. 60605, 59391, 23540, U.S.N.M. 

MBSOPAX.JGCASTER INTBRMEDnJS, new Bpedm. 

Plate 9, ^. 4. 

This species is perplexing in its generic construction because of its 
intermediate or transitional characters on the one hand (but least) 
to Hudsonaster, and on the other (more decidedly) to MesopaXseaater 

5<W01»— Boll, 8^—15 
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and prophetic of Pramopdbeaster in the conspicuous ambulacra! 
furrows. 

Rays long and slender, elongate-petaloid, disk small. R = about 
14 mm., r=4 mm. 

The interbrachial areas each have but a single, laige, finely granu- 
lated, axillary plate that margins the axils, and in this agree best with 
Hudsonaster, but the rest of the known skeleton is that of Meso- 
palseaster. In the former genus the ambulacral furrows are always 
very narrow and the ambulacralia are rarely seen, while in M, 
intermedius the furrows are wide and the ossicles are rather hke those 
of Promopalseasterj though the same kind of ambulacralia is also 
known in MesopalsecLster. Orad to the axillary plates there were two 
small oral armature pieces that belong to the adambulacral columns. 
These are not now present in the specimen, but the distinct and 
large facet of the proximal side of the axillaries leaves no doubt on 
this construction. 

Inframarginal columns well-developed proximally, though never 
very prominent, and becoming rapidly smaller distaUy. The four 
proximal pieces are the largest, beyond which there are at least 
14 other ossicles, and all are closely in contact and alternate with the 
adambulacrals. Another feature of these inframarginals is that not 
more than six can be seen from the actinal surface, while the rest pass 
on to the sides and distally even somewhat over to the abactinal 
area. All of the plates are finely granulated. 

Adambulacral columns the most prominent of the actinal skeleton, 
margining the distal half of the rays, and in the proximal portion 
pass more and more inside of the inframarginals, diminishing slowly 
in size and finally depressed beneath the axillaries. There are 22 
plates in a column, all more coarsely granulated than the inframar- 
ginals, largest and most transverse near mid-length of the rays, and 
all are drawn out inwardly into blunt points that adjoin the hi^ 
ridges of the ambulacralia. Therefore the adambulacral and the 
adjacent ambulacral columns have the ossicles directly opposite one 
another, but the adjacent ambulacral rows are sUghtly alternating. 

Ambulacral fmrows conspicuous and wide, widest in the proximal 
third but converging somewhat quickly in the mouth area and far 
more gradually distally. Therefore the furrows are elongate-petaloid 
in shape. There are about 20 ambulacralia in a column. Proximally 
the columns unite around and beneath the small adambulacral oral 
armature pieces. AmbulacraUa square to transversely rectangular, 
each with a high L-shaped crest that laterally adjoins the points of 
the adambulacrals and medially bends orally. Podial openings large 
between the comers of pairs of ambulacrals and adambulacrals. 
There is a well-developed groove down the center of the ambulacral 
furrows. 
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Abactinal area unknown, but probably that of Mesopaiseaster and 
nearest to M. shafferi. 

FarmaHan and locality. — ^The holotype was found by Faber in the 
Maysville formation at Cincinnati, Ohio, about 350 feet above the 
Ohio River. The type is in the University of Chicago Museum 
(Xo. 9575). 

Remarks. — ^This interesting species need be compared only with M. 
shafferi. It differs in having the axillaries in the axils of the rays 
and not inside the basal inframarginals as in the latter form. Then 
in M. shafferi the inframarginals are actinal in position throughout, 
while in M. intermedins they are more on the sides. Further, in the 
new form the ambulacral furrows are well developed with large 
ambulacralia, while in M, sTiafferi the furrows are narrow and the 
ossicles rarely seen. 

MBSOPALBASTBR FINSI (Ulrieh). 
Plate 7, fig. 5; plate 9, fig. 5. 

PdUeasterfinei Ulrich, Joum. Ginciimati Soc. Nat. ^i8t., vol. 2, 1879, p. 19, pi. 
7, figB. 15-156. 

Original description. — "Small; rays five, of medium length, rather 
broad, pointed and narrower where they are attached to the much 
contracted body [probably due to distortion], than they are about 
the center of their length. 

"Dorsal side of rays composed of four [about seven, the supra- and 
mframarginals, radials, and two intercalary columns] rows of pieces, 
that are quite close [?] fitting, as wide as long, from 12 to 14 in each 
row, and increase in size inward to the disk, which is cbmposed of 
irregularly shaped and prominent pieces, some of which are smaller 
and others larger than those composing the rays; the pieces in the 
marginal rows [four columns infra- and supramarginals] are more 
prominent than the two [there are three, radials and two intercalary] 
rows between them, and have a small pit in the center, probably for 
the articulation of a spine [all of the plates originally bore several 
short slender spines]. Madreporiform body rather small, circular, 
very prominent, and marked by strong striro, which become more 
numerous toward the margin by intercalation. 

"Marginal [inframarginal] pieces on the ventral surface, convex, 
quite as long as wide, and numbering in different specunens on each 
side from 11 to 12 [probably not more than 8 or 9]; the piece at the 
junction of the rays is three times as large as any other of the series, 
subcircular and very convex. [It appears that this large plate is an 
axillary interbrachial since upon it proximally rest two basal plates 
of the inframarginal series.] 
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'' Adambulacral plates more prominent [less prominent than the 
inframarginal plates], slightly wider than long, and numbering, on 
each side, from 9 to 10 [probably not less than 16 in each column]. 
Ambulacra] pieces a little wider than long, not alternating with the 
adambulacral plates, and each provided with a rather sharp ridge 
across most of its width. 

''There are 10 oral plates [oral armature] formed by the junction 
of the adambulacral rows, which in form and size are scarcely dis- 
tinguishable from the other plates of those series. 

'' Greatest breadth measuring between the opposite extremities of 
the rays, 0.7 inch; breadth of rays at their inner ends, 0.1 inch; 
length of same, 0.3 inch; diameter of madreporiform piece, 0.02 
inch." 

Fomuvfion and locality. — ^This small species appears to be common 
at a very restricted horizon near the base of the Eden formation 
(Fulton beds), exposed at low water mark in the Ohio River in the 
eastern portion of Cincinnati, Ohio. 

Remarks. — Not one of the twenty examples seen is well preserved 
and all the plates are more or less separated. The general structure 
seems to be that of Mesopalseaster. The composition of the axillary 
area is not positively ascertainable but one specimen shows what 
appears to be a large axillary interbrachial plate (see pi. 7, fig. 5), 
distally surmounted by two somewhat smaller inframarginak. This 
is probably the true structure since it is so in all the smaller Meso- 
palseasters, as M. lanceolattLSy M. parviusculuSj M. granti, and M. 
proavUus. 

The differences between M. Jinei and M. proavitus are not great. 
The former is a smaller species with less plates in all of the ranges, 
more prominent axillary inframarginal and axillary interbrachial 
plates, and is also found at a lower geological horizon. M. jinei 
differs from the small species M. parviuaculua of the earliest Siluric 
in having more plates in all of the columns. M. granti is a laiger 
species and with smaller and more numerous plates than in M. Jinei. 
M. lanceolatus is probably the most closely related to M. jinei but is 
distinguished abactinally by the diagonal arrangement of the plates 
on each side of the radial columns. 

Cat. No. 60604, U.S.N.M. 

MBSOPALSASTBR(?) LANCBOLATUS, new ipeciet. 

Plate 4, fig. 3. 

Measurements: R«4.6 mm., r = 1.3 mm., R«3r. 

Rays short, stout, distinctly lanceolate actinally and rapidly ta- 
pering abactinally. Disk comparatively lax^e, abactinally convex. 
Interbrachial arcs distinct but small. 

Abactinally the disk has a ring of large, strongly steUate plates 
which are the basal plates of the radial and supramarginal coliunns. 
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Inside the ring the plates can not be made out, due to the small size 
of the specimen. Rays each with a column of radials and two supra- 
marginals between which are inserted columns of diagonally arranged 
accessory plates. A few ambital accessory plates are probably also 
present. The arrangement of the ossicles on the abactinal areas of 
the rays is like that in Promopalseaster magnificus, 

Madreporite small, subcorneal, situated near the edge of the disk, 
depressed between adjoining basal plates and marked by 10 or 11 
sharp, somewhat spirally arranged ridges. 

Inframarginal plates large, about six in each column proximal to 
the very large single axillary interbrachial plate. These columns in 
the distal hatf can not be seen actinally as they pass over on the dorsal 
side. 

Axillary interbrachial plates large, one in each axil, and not com- 
pletely inclosed outwardly by the basal inframarginals. Li this 
character the form is still in the Hudsonaster stage. 

Adambulacral plates small, subquadrangular, with 16 plates in each 
column. The plates of the adambulacral oral armature are larger 
and wedge-shaped, and are situated directly inside of the axillary 
interbradiial plates. 

Ambulacral plates one to each adambulacral, apparently opposite 
and with proximally converging ridges. Podial openings apparently 
along the outer edge between the sutures of adjoining plates. 

Formation and locality. — ^Two specimens were found by the late 
Prof. Charles E. Beecher near Rome, New York, in the Triarthrus 
bed of the Utica formation-that preserves the entire ventral anatomy 
of these trilobites. The cotypes are in the Museiun of Yale University. 
Mr. W. S^ Valiant in a letter states that they are conmion in a layer 
2 to 3 inches above the Triarthrus bed. 

RevnarJcs. — ^This species is most closely related to M, finely from 
which it is readily distiuguished abactinally. Here there are more 
and smaller plates than in M. lanceolatus, the interpolated plates are 
arranged diagonally and not radially as in Jf . find, while the basal 
plates of the former are apparently much larger and are strongly stel- 
late. Actinally there are in M. lanceolaius more adambulacral plates 
m each column, although the specimens are only half the size of M. 
find, 

MBSOPAUBASTBR PROAVrrUS, turn vpedM. 

R=18 mm., r=about 4.5 mm. The specimens are distorted, however, 
and no exact measurements can be given. 

On the distal abactinal portion of the rays the infra- and supra- 
marginal and radial plates closely adjoin. Proximally, however, 
between the two marginal series there is inserted a column of inter- 
calary plates gradually increasing in size and two other similar rows 
of plates are placed between the supramai^inal and radial columns. 
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There are therefore at the base of the rays no less than 11 columns 
of plates. The radial columns proximally have a tendency to become 
less distinct and indistinguishable from the accessory pieces. The 
plates in general are highly convex, granular and abundantly spine- 
bearing. There are not less than 20 plates in each supramarginal 
series. 

Madreporite highly convex, broadly oval in outline and radially 
striated. 

Inframarginal plates finely granular, highly convex, subquad- 
rangular in outline and increasing in size slowly proximally. About 
23 in each column. 

Adambulacral plates like the inframargmals but not increasing 
much in size proximally, with about 29 in each column. As in other 
species of this genus, each plate bears three prominent spines, two 
laterally and one ambulacrally. 

Ambulacral plates one to each adambulacral plate, and with a 
sharp ridge which medially bends abruptly orally. Podial openings 
as in other forms of Mesopalseaster, 

Interbrachial areas occupied by singjle axillary interbrachial plates 
upon each of which rest proximally two axillary inframarginals. 

The specimens are not figured, as an illustration can not readily 
be made. 

Formation and locality, — ^Three more or less entire specimens and 
fragments of four rays were found by Dr. E. O. Ulrich in the Eden 
shale exposed back of Covington, Kentucky, at an horizon about 
100 feet above low water in the Ohio River. All the specimens a^^e 
now in the Herzer coUection, a part of the late Prof. James Hall's 
private collection, recently purchased by the University of Chicago. 

Remarks, — M, proavitus and M. granti are closely related, since 
both have 11 columns of abactinal plates, including the marginals, 
and they are nearly alike actinally. However, the former is twice as 
large and appears to have more conspicuous radial and supramarginal 
columns than the latter. These differences and the further fact that 
one occurs in the Utica and the other in the earliest Siluric will serve 
to distinguish the two species for the present. M, proavitus may 
prove to b3 identical with M. (f ) wUberanus^ which see for further 
remarks. 

MBSOPAUBASTBR (7) WILBXRANITS (MMk and Wocthoi). 

Petraster wUhenanua Mebk aad Worthek, Proc. Acad. Nat. Sd., FhlladeipiiiA, 

for 1861, vol. 13, 1862, p. 142. 
PalsBOster wilheranua Hall. Twentieth Rep. N. Y. State Gab. Nat. Hist., 1868, 
p. 285; lev. ed., 1868«1870, p. 328. 

Original description. — ''This beautiful starfish resembles rather 
closely Petraster rigidus of Billings,^ but is smaller, and has more 

1 Decade 3, Org. Rem. Canada, pi. 9, fig. 3a. 
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slender rays, with more angular spaces between. It also differs in 
having but two ranges of plates on each side of the ambulacral 
grooves, on the under side, instead of three. These pieces are about 
of the same size in each row, and sometimes appear to alternate; 
they are all rather prominent, and those of the outer range project 
a little laterally in the form of small nodes. Toward the outer 
extremities of the rays, however, the lateral ranges are contracted 
behind the others, so as to be scarcely visible from below. About 23 
of these pieces may be counted on each side of the ambulacral furrow 
in each ray. The ambulacral furrows are very narrow, and indeed 
seem to be closed toward the extremities of the rays, by the gradual 
approximation of the inner rows of pieces on each side, which alter- 
nate and appear to fit together. 

''Our specimen only shows the under side, but along the outer 
margins of two of the rays, there is some appearance either 6{ the 
overlapping of some of the dorsal parts by pressure, or of a slightly 
developed disk. This part does not seem to have any distinct range 
of marginal plates, but appears to be made up of small pieces, covered 
with granules, or bases of small spines. 

''We take pleasure in dedicating this interesting species to 
Prof. C. D. Wilber, of the Illinois State Normal School, to whom we 
are indebted for the use of the only specimen we have seen. 

"Greatest diameter about 1 inch; smaller diameter 0.33 inch. 

^^ Locality arid position. — Osw^o, Kendall Coimty, Illinois, in rocks 
of the age of the Trenton or Hudson River Group of the New York 
series." Probably equivalent to the Richmond beds of the highest 
Ordovicic. The whereabouts of the type^pecimen is not known. 

Remarks. — ^Hall pointed out that this species is not a Petraster 
because P. wiJheranus has but two columns of plates on each side of 
the ambulacral groove, while Petraster has in addition "a few disk 
plates on the ventral side." He therefore referred it to Palseasier. 
However, Meek and Worthen describe the abactinal area as having 
no "distinct range of marginal plates, but appears to be made up of 
small pieces, covered with granules, or bases of small spines." The 
characters as far as mentioned appear to be those of MesopcdsMLster. 
Should there prove to be in P. wUberanus single axillary interbrachial 
plated, then all of the characters will be in harmony with Mesopalse^ 
aster and M. proamtus may prove to be a synonym of it. This 
can not be proven at present since we have not been able to locate 
the type-specimen. 

MBSOPAUBASTBR (?) DUBIUS (MUler and Dyer). 

PaltBOiter diMu$ Millbb and Dtbb, Cent, to Pal., No. 2, 1878, p. 5, pi. 4, fig. 8. 

Original description. — "Pentagonal; rajrs longer than the diameter 
of the body, and uniformly tapering. The ambulacral groove is 
aharply angular in the middle, formed by two series of plates having 



86 BULLBliN 6S, UNITED STATES KATIOUAL* MUSEUM. 

their ends together in such manner as to make an angular gutter 
[the plates of adjoining colunms are arranged practically opposite]. 
The length of these plates is three times as great as the diameter. 
The plates are placed with the length across the rays. There are 
15 plates on each side of the groove in each ray, in the length of one 
quarter of an inch [this is an error as there are about 20 plates in a 
cohmm]. The diameter of the body is three-tenths of an inch. 

'^This species is founded upon a single specimen, in Mr. Dyer's 
collection, which shows only part of the ventral side. The ends of 
the rays [most of the adambulacrals] and marginal plates are destroyed 
[each axillary area appears to bear one axillary interbrachial plate]. 
The parts preserved seem to distinguish it from any species hitherto 
described." 

Formation arid locality, — ^In the original description the locality 
is given as Cincinnati, Ohio, but the character of the rock shows that 
it is from the uppermost portion of the Trenton limestone, probably 
opposite Cincinnati, in the river quarries at Ludlow, Kentucky. 
The type (No. 25) is in the Museum of Comparative Zoology, Harvard 
University. 

Remarks, — ^This specimen preserves well the very wide ambulacrals 
but almost no other plates. The adambulacrals are nearly all removed 
and but very little is to be seen of the marginals. In three of the 
axillary areas there are single interbrachial plateSi one of the essential 
features of Mesopalaeaster. It is referred to this genus provisionally, 
as nothing is known of the abactinal side. 

MBSOPAUBASTBR (?) ANTIQUUS (TnosI). 

Astenas antiqua Troost (not Hiflinger 1837), Trans. Geol. 8oc. Fenn., vol. 1, 1835, 
p. 232, pi. 10, fig. 9; Proc. Amer. Abboc, Adv. 8cl., vol. 2, 1850, p. 59 (cat. name). 

Petraster (?) antiqua Shumard, Trans. St. Louis Acad. Sci., vol. 2, 1866, p. 386 
(catalogue name). 

Palxaster (Argaster) antiqua Hall, Twentieth Rep. N. Y. State Cab. Nat. Hist., 
1868, p. 287; rev. ed., 1868=1870, p. 329. 

Palxaster antiquus Milleb, N. Amer. Geol. Pal., 1889, p. 265 (cat. name). 

Argaster antiqua Greoobt, Greol. Mag., dec. 4, vol. 6, 1899, p. 345 (gen. ref.). 

Palaaster antiqua Wood, Bull. U. S. Nat. Mus., No. 64, 1909, p. 105, pi. 8, fig. 1. 

Although this is the first recorded American fossil starfish, very 
little is known about it and that little is mostly of a misleading nature. 
The specimen Ues on a limestone slab and is very badly weather- 
worn or it may have been treated with hydrochloric acid so that now 
it is nothing more than a polished section of a starfish. An iUustra^ 
tion that will show its actual characters can not be made. 

Professor Hall errs in stating that Asterias antiqua has '^ambu- 
lacral grooves occupied by a single row of subquadrate ossicula, which 
extend across and alternate with the adambulacral plates of each mar- 
gin. * * * It is possible that this character may prove to be 
of generic importance." It may have been this character on which. 
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Hall thought of basiiig the genus ArgoMeTj but he does not character- 
ize it nor even mention that the name in parenthesis is intended 
83 a new term with Asterias arUiqua Troost as the genotype. This 
species, like all other Paleozoic starfishes, has double columns of 
ambulacral plates. This the specimen clearly demonstrates on 
the edge of the slab where the distal parts of the rays are broken 
away. Argaster should therefore be regarded as a nomen nudum, and 
should A. antiqua prove to be a Mesopalssaster, it should not be 
made to displace this genus. 

Asierias antiqua has about 15 inframaiginal plates in each column 
and about 32 in each adambulacral column. Two of the latter plates 
meet as usual in a pair of triangular oral armature pieces. 

Each axil is occupied by two large, quadrangular, basal inframar- 
maiginal plates. Between these proximally there is a lai^e, widely 
taiangular, interbrachial plate the apex of which may or may not 
attain the margin. Proximal to each axillary interbrachial plate 
and between the four or five pairs of axillary adambulacral plates, 
there is in the specimen an open space in each of the five areas. 
What additional plates, if any, occupied this area is not determinable. 
It may be that the axillary interbrachial plates occupied the entire 
interbrachial areas and that the present hiatus is due to the worn 
condition of the specimen. This appears to be the most natural 
interpretation as it is the normal interbrachial structure of Mesopor 
heaster. In Promopdlseaster there are always two, three, five, or seven 
interbrachial marginal plates in each area, a fact which excludes .^1«/^ 
noff antiqua from that genus. 

The abactinal area is not visible, but many of these plates are 
squeezed beyond the inframarginals, showing the presence of num- 
erous small plates recalling Meaopdlseasier and Promopalseaster. 

Formation and locality. — ^Troost's label reads: ''Lower limestone 
on Harpeth River, Davidson County, Tennessee." His manuscript 
reads: "It was foimd * * * on Harpeth River, Davidson 
County, Tennessee. Associated with Spirifer lynx [Platystrophia 
hiforata], CyatTiopTi[y]Ua [^StreptdasmaX Orfhis [testudinaria], etc." 
Hxis is apparently the same horizon as that about the city reservoir 
in Nashville, which is now regarded as of Upper Trenton (Catheys) 
age. The specimen is in the United States National Museimi. 

Cat. No. 39914, U.S.N.M. 

M]ISOPAIJBASTBR(?) PARVmSCULUS (BUlinga). 

Plate 9, fig. 1. 

PalmagUr parvnueuhu BmiNOS, Canadian Nat. and GeoL, vol. 5, 1860, p. 69, 
figure. — Dawson, Acadian Qeolpgy, 2d ed., 1868, p. 594, fig. 197.— Hudson, 
Bull. N. Y. State Mus., No. 164, 1913, pis. l'-4. 

Original description. — ^''The specimen is about six lines in diameter. 
The rays, are two lines in length and one and a half in width at the 
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base, tapering at an angle of a little less than 45^. The five oral 
plates are subpentagonal, about half a line in width. The fiist 
adambulacral plates of each pair of adjacent rays are in contact 
with each other outside of the oral plates^ and not completely sep- 
arated as they are in P. niagarensis. There are six or seven adam- 
bulacral plates on each side of the ambulacra! groove in each ray, 
and they gradually decrease in size from the oral plate outward to 
the point of the ray. The width of the ambulacral groove is equal 
to one- third the width of the ray and consequently the adambu- 
lacral rows of plates are also each equal to one-third tiie whole width 
of the ray. In each groove there are two rows of small and appar- 
ently nearly square ambulacral plates, 12 or 14 in each row, and ihej 
seem to be continued roimd on the inner margin of the oral plates; 
the mouth is about one line wide." 

Emended description. — ^Measurements: Il«6 mm., r»2.5 mm., 
R»2.4r. Width of ray at base 3 mm. 

Rays short, stout, tapering rapidly. Disk comparatively large, 
and without interbrachial arcs. 

Abactinal area unknown. 

Inframai^inal plates at the base of the rays very large and thick, 
highly convex, diminishing rapidly dlstally, usually quadrangular 
in form and seven on each side of a ray. 

Just within each axil, inside of the basal inframaiginals, there is 
a single, large, very convex, pentagonal, axillary interbrachial plate. 

Adambulacral plates gradually sinking below the inframaiginals 
proximally, convex and quadrangular in form. There are 13 plates 
in each colimm adjoining the very narrow ambulacral furrow, or 
nearly two plates to each inframai^inal ossicle. Two of these 
plates (oral armature) are situated in front of each axillary intei^ 
brachial, uniting the adambulacral columns of adjoining rays. 

Ambulacral plates unknown. 

Locality and formation. — ^The type-specimen, a natural mold, was 
found by Rev. D. Honeyman in the Lower Arisaig of the Siluric 
(» Clinton) rocks at Arisaig, Nova Scotia. The holotype is in 
Redpath Museum of McOill University, Montreal, Canada^ and the 
illustration is taken from a guttarpercha squeeze kindly made for 
the United States National Museum by Sir William Dawson. 

RemarTcs. — ^The general actinal appearance of this little asterid 
reminds one much of PdUeaster and Hvdsonasier. It differs, however, 
at once in a little detail of considerable importance, in that each 
axillary area has three plates. While in Paiseaster and HudsonagUr 
there is but one. In other words, the large axillary plate of those 
genera has in M. (f ) parviusculus been pushed orally and is here an 
interbrachial plate, while the axils of the rays are occupied by two 
basal inframarginal plates. For further remarks on this species see 
M. granti (3pencer). 
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So long as the abactmal area of M. (t) parviuscyhis remains 
miknown ita generic position will be doubtful. For the present its 
relations appear to be nearest to MesopaUeaster and to J/, (f) cator 
radensis. 

Cat. No. 60620, U,S.N.M. 

MBSOPAUBASTER (?) CATARACTBNSIS, new ipeciet. 

Plate 9, fig. 2. 

The specimen of this species has been confused with M. (f ) grand, 
from which it differs in being smaller and in having far fewer plates 
in the columns. The actinal side of M. (f ) cataradensis alone is 
known, whib of M. (f) granti only the .abactinal, but even so the 
above comparison can still be made because the size of plates is 
relatively about the same in species of Mesopalsedster. 

Measurements: S»9 mm., r=3 mm., E==3r. 

The species is most closely related to M. (f) farviuscvlus, but 
differs in being larger with more plates in the colimms. Of M, (f) 
eaiaractensis only the actinal side is known, with 12 to 13 plates 
in each ioframarginal colunm (7 in M. (f) parviusculiLs) and 
about 19 in the adambulacrals (13 in Jf. (f) parviusculus) . Then 
the inframarginals increase very rapidly in size proximally, while 
in M. (f) catarcLctensis there is but little enlargement. 

A single small, pentagonal, axillary interbrachial plate occurs 
in each area immediately beneath the basal inframarginals. These 
are much smaller relatively than those in M. (f ) parviusculus. 

Ambulacral plates unknown. Ambulacral furrows deep, nearly 
completely closed by the adambulacral colimms. 

Formation and locality. — ^In the base of the Siluric (Cataract for- 
mation) at Hamilton, Ontario. The holotype was found by Mr. 
Elliott near the city reservoir and is in the collection of the Hamilton 
Natural History Society. It was loaned to the writer by the late 
Col. Charles Coote Grant. 

MSSOPAUBASTBR ORAITTI (fencer). 

Plate 9, fig. 3. 

Pdlxatter granti Spbnceb, Bull. Muci. Univ. kuaouii, No. 1, 1884, p. 53, pi. 7, 
fig. 1. 

Original description. — ''Body stellate and small with short arms, 
about 2 centimeters across; disk, less than 1 centimeter wide, and 
apparently formed by the junction of the rays; rays 5 millimeters 
wide at base, tapering slowly, and terminating in rounded extrem- 
ities, at about 8 millimeters from junction of their base with the 
disk; upper surface of rays composed of 5 [not less than 9 in mature 
specimens at mid-length of rays] ranges of highly convex or tuberculi- 
form plates (the marginal [supramarginal] and ventral [inf ramarginal] 
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rows being the most conspicuous) and separated from each other by 
minute plates G>ecoming fewer on approaching the extremities of 
the rays). 

'^The eUipsoid [supra] marginal tuberculiform plates number 
about 12 [20 in mature examples] for each complete side of the rays, 
and the central range [radial] is composed of a similar niunber, but 
in form these plates are more circular. The dislc between the ter- 
minal central [radial] row of plates of the rays is crushed and struct- 
ureless, except a sUght elevation in the center. The terminal [proxi- 
mal] plates of the marginal series are larger than the others of the 
range. The madreporiform tubercle is of a spherical form and rela- 
tively large, being nearly 2 millimeters in diameter, and is situated 
at the axil of two rays. Both the tuberculiform plates and the 
madreporiform tubercle have a granulated surface. 

"The ventral side is unknown. 

EmeTided description. — ^A mature specimen measures: 11 = 16 mm., 
r=6 mm., R = 3.3r. 

Says short, stout, tapering rapidly, and with very small intei^ 
brachial arcs. 

Abactinal area of disk imknown. Along the center of each ray 
there is a radial column of small, highly convex plates bounded on 
each side, at about the mid-length of the rays, by two columns of 
smaller, strongly tumid, accessory plates. The radial coliunn is, 
however, not distinctly differentiated from those adjoining. Out- 
side of these are the supramarginal columns, each with about 20 
plates which are larger and more easily distinguished than the radial 
plates. Distally the rays have only the ossicles of the infra- and 
supramarginal and radial columns, with none of the accessory plates 
as yet developed. 

Ambital area with one column of very small accessory plates 
like the marginal plates on each side of them. These accessory pieces 
disappear before attaining the apex of the rays. 

Madreporite spherical in form and relatively large, nearly 2 milli- 
meters in diameter, and situated at the axil of two rays between 
two adjoining supramarginal colimms. 

Forma£on and locality, — From the Cataract formation, the basal 
deposits of the Siluric system, near the reservoir in tJie city of 
Hamilton, Ontario. Col. Charles C. Grant, after whom the spe- 
cies is named, discovered most of the specimens, which are six in 
number, two in the Spencer coUection, now destroyed by fire, one 
in the Redpath Museum of McGill University, Montreal, another 
in the Geological Survey of Canada at Ottawa, and two in the 
Grant collection, one of which has generously been donated to Yale 
University. 

Remarks, — ^This species is apparently closely related to M, heir 
lulus, which see for comparison. 
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MBSOPALAASTBR BSLLVLUS (BUUncs). 

Text fig. 7. 

P«trvttter M/uZtw Billinos, Geol. Surv. Canada, Pal. Fobs., vol. 1, 1865, p. 393, 
fig. 368.— MtLLER, N. Amer. Geol. Pal., 1889, p. 269, fig. 389. 

Original description. — ^"Deeply stellate, about 18 lines across; disk 
5 lines wide; width of rays, at the base, half the width of the disk, 
uniformly tapering to their extremities; ambulacral grooves, narrow 
and deep, with about 30 adambulacral plates on each side. These 
plates are strongly convex and nearly square [distally, but proximally 
are wider than long]. Outside of these there is a row of [about 21 
infra] mai*ginal plates, which appear to [actually do] extend to the 
extremities of the rays, but on this point there is some doubt, as the 
specimen is not perfect. [The four proximal pieces increase rapidly 
in size so that they are considerably larger than the others. All of 
the actinal plates are granular.] There 
appear to be one or two [there is but one l^, A '^^^Mlli* 

axillary] small disk plates between the 
[basal adjoining infra] marginal and ad- 
ambulacral plates just outside of the oral 
angles. 

^^ Locality and jormation, — ^Township of 
Grimsby [Ontario]; in the Niagara shale 
[ = Rochester shale]. 

^^ CoUedor. — Johnson Pettit, Esq., fio.7.— thkomoinaliioureofMe. 
Grimsby." The holotype is in the Vic- 
toria Memorial Museum, Ottawa, Canada 
(No. 2665). 

RemarJcs. — The holotype and only 
known specimen of this species was seen 
by the writer at Ottawa, and has now been freed from the rock so 
that the abactinal side can also be studied. The generic charac- 
ters are those of Mesopaheaster and one is impressed at once by the 
almost specific identity of the abactinal side of the specimen with 
that of M. granti. However, as the specimens show sUght differ- 
ences and come from different Siluric formations, it is thought best 
to recognize them as distinct species. Moreover, the actinal side 
of M. granti is still unknown. 

Abactinally all of the skeletal pieces are of about the same size, 
small, each ossicle irregular in outline, and more or less stellate. 
There are about 17 in the length of one-half inch. This skeleton is 
more or less disturbed and it is impossible to clean off all the adhering 
shale, so that it is difficult to make out the detailed arrangement. 
The following, however, can be made out: There is no true disk as 
in Petraster, and the parts that appear as such are either adhering 
shale or displaced ossicles due to distortion during sedimentation. 



SOPALBASTES BKLLULUS, ATTES BiL- 

LINOS. Natural size. The spsa- 

MEN HAS STILL TOO MUCH SHALE 
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ITS BEINO SATISFACTOBILT PHOTO - 
OBAPHED. 
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DistaHy the rays have columns of small radial pieces, and outside of 
these are the two supramaiginal rows. ProximaUy between these 
primary columns there appear accessory pieces, one column of which 
wedge in between the radials and supramarginals and from one to 
three between the latter and the inframarginals. In this way finally 
as many as 13 columns can be counted at the base of a ray. 

The madreporite is situated near the margin between adjoining 
supramaiginal columns, and is conspicuously protruded and large 
when compared with the small adjacent ossicles. It is a large, 
radially striate, irregularly circular plate about six times larger than 
the adjoining pieces. 

MSSOPAUBASTKR CAHACTACI (GvBfMy). 

Plate 9, fig. 6; plate 11, fig. 1. 

PaUeatter camOaei Salter, Oat. Fosb. Mus. Plactical Geology, 1865, p. 30 (nomen 
nudum). — ^Nicholson and E>rHEBn>oE, Man. Silurian Foas. Girvan Dist., 
Ayrahire, &8C. 3, 1880, p. 321 (no description). — Grboobt, Geol. Mag., 
dec. 4, vol. 6, 1899, p. 344. — Sgh5ndorf, Jahrb. naasauiach. Yer. Naturk., 
Wiesbaden, vol. 63, 1910, p. 227. 

Protopalseatier earadaei Spbncbb, Mon. Brit. Pal. Aflteiozoa, pt. 1 (Pabeontop. 
8oc. for 1913), 1914, pp. 21, 30, pi. 1, fig. 5. 

Remarks. — ^The writer was greatly pleased to receive from Dr. F. 
A. Bather of the British Museum wax squeezes of the type-specimens, 
because they dearly show that the genus MesoTpcHseaster is present in 
Europe. M, caradad has its closest relationship in Jf. shafferij the 
genotype of Mesopalxaster, The differences are easily to be seen on 
the abactinal side, as illustrated in this work. 

Rays long and slender, abactinally flattened. K»12.5 mm., 
r»3.8 mm., Il = 3.3r. Radialia small and no larger than the pieces 
of the accessory columns on either side .of them; the former alternate 
in position with the pieces of the latter and all of them f^re more or 
less spicular in outline. Basal radials slightly larger than the others. 
The ossicles of the supramarginal columns large and solid, the most 
prominent of the abactinal side, very large proximally and exceedingly 
small distally; there are about 14 in a colunm. Basal inframarginals 
most conspicuous of all abactinal plates, with each pair occupying 
the axils, and together with the smaller basal radialia form a ring 
bounding the disk. The disk has fallen in but still shows a few 
small pointed plates. 

''Madreporite is large, and placed close by one of the interradial 
angles" (Gregory). 

Inframarginal ossicles almost smooth, large and prominent proxi- 
mally, decreasing rapidly in size so that not more than 9 can be 
seen actinally, where the tiny pieces pass somewhat over to the 
abactinal surface, or better the lateral sides; Gregory states that 
there are 12 in a column. The basal pieces of adjacent columns do 
not as a rule touch one another in the axils. 
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Interbrachial areas with single, l&i^e, hexagonal, axillary inter- 
brachial plates. 

Adambulacral pieces quadrangular, fairly uniform in size for two- 
thirds the length of the rays and then become gradually smaller 
distaOy; there are about 15 in a colunm. A peculiarity of this 
species is that the ambulacraUa do not continue around the axillary 
interhrachiab, but cease with the basal inframarginals. There are, 
therefore, in M. caradaei no adambulacral oral armature pieces. 

Ambulacral furrows moderately wide, with as many rectangular 
ambulacraUa as there are adambulacrals, plus probably four more 
in each column, and these continue around the axillary interbrachial. 
Therefore, the oral armature consists entirely of ambulacraUa. All 
of these ossicles are directly opposite one another and have high 
medial crests that are continuous across the ambulacral furrow. 
Podial openings large lateraUy between the plates and the adambu- 
lacrals. 

Locality and fonnaHan. — Caradoc sandstone, Soudley quarry, 
Church Stretton, England. The holotype, a spUt nodule, is in the 
British Museum (Natural History), No. 48206; wax squeezes from 
which the photographs have been made are in the United States 
National Museum. Other specimens. Bather states, are in the Museum 
of Practical Geology, London; these are from Marshbrook and occur 
at a somewhat higher geological level. 

Remarks. — Gregory wrote in 1899 that "the nearest aUy of this 
species is P. matutina (Hall)," but the iUustrations here presented 
will show that the relationship is with MesopalseoMer ahafferi and not 
with Hudsanaster matuHnus. 

Cat. No. 60606, U.S.N.M. 

MBSOPAUBASTER (?) ACXJMINATUS (StananovUidi). 

Adaiat aeunUnalus SiMONOvrrscH, Sitzb. d. mat.-naturw. GlaaBe Akad. Wias., 

Wien, vol. 64, Abt. 1, 1871, p. 100, pi. 3, figs. 2-2(f. 
AtterioB acuminata 8ch5ndorf, Palseontographica, vol. 56, 1909, pp. 72, 109, 

pi. 11, figB. 7, 8. — Sch5ndorf, Jahrb. nasBauisch. Ver. Naturk., Wiesbaden, 

vol. 62, 1909, p. 32, pi. 6, figs. 4, 5. 
RoemeroiUT (f) ocuanwnatui StI^bts, N. Jahrb. fOr Min., etc., 1886, vol. 2, p. 154. 

Actinally this small and slender species is nearly in harmony with the 
generic characters of Pdheaster and Hvdsanastery differing only in that 
the axillary interbrachial plates barely extend to the margin of the 
disk, while in those genera they are prominent and marginal in the 
axils. In Asterias acundnatua they are as yet not crowded so far orally 
as in most species of MeaopalseaMer. It is a difference of degree, not 
of kind; therefore this species has more the actinal character of 
MesopaHmaster than Hudsonaster, Ambulacral plates unknown. 

Abactinally Simonoyitsch's species is said to have six columns of 
tumid plates, all alike and persisting throughout the rays. If the 
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outennost columBs of each ray are regarded as the mframarginals 
and the ones immediately inside as supramarginals, two medial 
columBs remain to be homologized with those in MesopdUeaster. If 
Simonovitsch is conect, then by this interpretation there are two 
columns between the supramarginals. Both can not be radials and to 
regard one as such will leave a unilateral and apparently an unnatural 
development. If five or seven columns of abactinal plates were present, 
this species would be in harmony with MesopdlseaMer. Since Simono- 
vitsch 's work is of the best, we have at present the only alternative of 
supposing that the radials in Asterias acuminaius are suppressed and 
that its two medial colimms are homologous with the intercalary 
abactinal plates of other starfishes. Among Paleozoic asterids this 
development is rare and is found only in Encnnaster and Palseaster. 
In that event, A. acumiruUus is not a Mesopdbeaster. 

A single example of this species was found in the Lower Devonic 
(probably Upper Coblenzian) near Braubach, Germany. 

In his revision of the Lower Devonic starfishes of Germany, 
Schondorf was not able to discover the whereabouts of the type-speci- 
men and therefore had to leave tins species as determined by Simono- 
vitsch. The former states that actinaUy the structure reminds one 
of Spaniaster loHscutaiuSf the genotype of Spaniaster, and closely 
related to Mesopdlseaster. For further remarks see Spaniaster. 

MBSOPAUBASTER (7) CLARKI (CUuke and Swutz). 

Plate 10, figs. 1, 2. 

Palxaster clarti Clarke and Swabtz, Maryland Geol. Surv., Upper Devonian, 
1913, p. 543, pi. 46, figs. 3,4. 

Original description. — "This species is represented in the collec- 
tions by a single specimen affording a pretty sharp cast of both sides 
of a very regular and complete individual. In general structure and 
appearance the spedes is quite similar, especially on the oral surface, 
to Palseaster eacharis Hall of the sandy Hamilton shales of central 
New York, but the latter is a much lai^er form. 

"The disk is small, rays long and slender, thecal plates all promi- 
nently developed. The ambulacral surfaces are represented only by 
a narrow linear depression beneath which the ambulacral plates arc 
concealed. These depressions are bordered by thickened and somewhat 
elevated quadrangular or pentangular adambulacra. The marginal 
plates are in single rows, much thickened, with generally quadrangular 
outline and convex surface, each projecting on the margin of the ray. 
At each axilla is a single pear-shaped plate with its apex outward, 
these plates being the largest in the individual. The abactinal surface 
is tessellated by rows of strong convex plates of similar size to the mar- 
ginal plates. Of these there are three rows, a median row of narrow 
oval ones between the ends of which are interlocked the edges of the 
much larger plates of the lateral rows which are highly convex and 
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Uiickeiied in the center and greatly depressed to the sutures. Thus each 
plate has a cushioned surface. Between the ends of each plate of the 
middle row are two minute acceesoiy plates lying in the angles at 
which the lateral plates enter. At the base of each ray and upon the 
disk is a single large plate whose surface rises into a high clavate node. 
Between each two of these is one of 
kss height. The central portion of 
the abor&l area is destroyed and no 
trace of madrepore is seen. 

"The width of this specimen from 
tip to tip is 33 mm. 

"Occurrence: Jennings formation, 
Chemung member. Yellow sandstone 
on the road northeast of Oakland, 
Ganett County [Maryland], where it 
is associated with Spirifer diajunctua. 

"Collection: Maryland Oeolo^cal 
Surrey." 

Remarks. — ^This clearly determined 
species is a late surriral of early 
Paleozoic primitiTe asterids. The 
characters so far as determinable in 
the natural mold are those of Meto- 
palxatter, but as the disk skeleton is not preserved, it is very prob- 
able that when this feature is known the form will be seen to belong 
to a new genus. 

Genus SPANIASTER SchSndorf. 
Plato 12, flgB. 1, 2; text fig. 8. 
Cteluter Sakdbekokr (not Agassiz 183S), Vwst. d. Aeiiiischeii Schicht. Naasau, 

1855, p. 381. 
8pmia»tff SghOndobt, Jahrb. naasauisch. Ver. Natnrk., Wieabaden, vol. 60, 
1907, p. 176; vol. 62, IWS, p. 30; Patoontographica, vol. 66, 1«B, pp. 73, 109. 

Bemorka. — This genus with ite dngle very small species has its 
nearest relations with Meaopalseaater, in that it has a single axillary 
iaterbrachial plate in each actinal axillary area, but differs from it 
in that there are many more adambulacral and ambulacral plates 
than there are inframarginals. The marked and generic difference, 
however, is on the abactinal side, where there are but three columns 
of plates, one radial and two suuramargiual, of large and thick ossicles 
uraoged in parallel rows, the pieces of which do not alternate with 
one another; further, the supramarginals are almost completely 
superposed upon the inframaiginals, the two columns together, but 
more particularly the inframarginals, bounding the rays and not the 
inframarginals alone, and not so pronouncedly aa in Mesopdlieaater. 
The disk is also more primitive in its constjiiction, in ih&t the central 
Boaoi*— BuiL sa— IB 1 
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disk plate is encircled by a ring of but 5 small accessory disk pieces, 
separating the former from the next ring of 10 much larger plates 
that are the primary pieces of the radial and supramarginal columns. 
OenoTiolotype and (mly species. — OcdasUr laHscuUUus Sandberger. 
Restricted to the Lower Devonic of Germany. 

SPANIASTBR LATZSCITTATUS (Sndbecier). 
Plate 12, figs. 1, 2; text fig. 8. 

Oxlaster latucuttUus Sandbebgeb, Verst. d. rheiniBchen Schicht. Naasau, 1855, 

p. 381, pi. 35, figB. 1, la. 
Xeruuter simplex SofONOvrrscH, Sitz. d. niat.-naturw. GlaBse Akad. Wis., Wien, 

vol. 64, Abt. I, 1871, p. 97, pi. 3, figs. 1, la. 
SpaniasUr latiacutatus ScHdNDORF, Palaeontographica, vol. 56, 1900, pp. 73-82, 

109, pi. 8, ^. 2; pi. 10, figs. 2, 9, 10; pi. 11, Gg, 9 (complete synonymy given 

here); Jahrb. nassauifich. Ver. Naturk., Wiesbaden, vol. 62, 1909, p. 31, pi. 

5, figs. 1-^, text fig. 2. 

The Sandberger specimen, showing only the abactinal side, was 
found in the Lower Devonic Spiriferensandstein at Unkel, near 
Bonn, Germany. Another specimen from the Lower Coblenzian 
quartzite has been recently found at Bienhomtale, near Coblenz; 
this shows both sides. Still another is from the Lower Coblenidan 
at Oberstadtfeld in the Eifel. The holotype of X. simplex is from the 
Upper Coblenzian at Niederlahnstein on the Rhine. 

Genus MIOMASTER Schdndopf. 

Plate 8, fig. 3. 

Mwnuuter drevermanni Sch5ndobf, Jahrb. nassauisch. Ver. Naturk., Wiesbaden, 
vol. 62, 1909, p. 38, pi. 3, ^, 4; pi. 4, fig. 3. 

BemarJcs. — This genus is most closely related to Spaniaster, in 
that both have the single axillary interbrachial plates and the infra- 
marginals and supramarginals are directly superposed. They dijffer 
from one another mainly on the abactinal side, though this area is so 
poorly preserved in Miamaster that almost nothing definite can be said. 
Sch5ndorf illustrates a section through the rays that shows the 
presence of single columns of very small accessory pieces between 
the radialia and supramarginalia. In the description, however, he 
states: "One can not positively determine whether the supra- 
marginal plates are separated from the median pieces by small 
accessory ossicles, or whether the three dorsal columns were closely 
adjoining." The central disk area is also too much disturbed to make 
out the skeletal arrangement. There appear to have been small 
interbrachial abactinal areas. Under these circumstances, the genus 
Muynuuter can not be said to be well established, and its final dispo- 
sition is dependent on finding better preserved material. 

Oenohdloiype and only species. — M. drevermanni SohOndorf (as 
cited above). A single example was found by Drevermann in the 
Upper Coblenzian at MieUen-on-the-Lahn, Germany. The holotype 
is in the Senckenberg Museum, FrankfortrOn-the-Main. 
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DEVON ASTER, nei^ genua* 

Plates 11 and 12. 

FabtoMUr (part) of Authobs. 

XtafUttUr (7) or new genus Gbeoobt, Geol. Mag., dec. 4, vol. 6, 1899, p. d46. 

LtvomuUr Schuchbbt, Fossilium Gatalogus, Animalia, pt. 3, April, 1914, p. 14. 

A characteristic starfish of the American Devonic. 

Oeneric eharaeters. — Bays five, stout, tapering rapidly. Disk 
large, vnth small interbrachial arcs. 

Abactinal area of rays with prominent colimms of radial supra- 
maiginals and less prominent inframai^al plates, all of which 
bear nmnerous small pustules. The radial columns are completely 
separated from the supramarginals by a great abundance of very 
small, conical, irregularly arranged, accessory plates which in the 
proximal region may also force apart single plates of these columns. 
The supramarginal colunms of adjoining rays nearly meet in the 
aidUary areas a short distance inside of the mai^in, at which level 
the radial columns also cease. Inside of the area bounded by the 
proximal plates of the radial and supramarginal colimms, the disk 
has numerous small accessory plates hke those of the rays. In the 
center of the disk is a plate somewhat more prominent than tl^ose 
surrounding it, and just inside of the adjoining proximal supramar- 
ginals is a small but distinct plate interradial in position. 

Ambital accessory plates abundantly developed between the 
marginal ossicles in the axillary areas. These plates are like the 
other accessory plates and do not extend beyond the third or fourth 
proximal inframarginal pieces, where the ambital areas cease and 
the supramai^inal ossicles come to lie more and more completely 
oyer the inframarginals. 

Madreporite flat or concave, situated between two proximal 
supramarginal ossicles and outside of one of the small interradially 
situated plates. 

Inframarginal pieces large and thick, increasing rapidly in width 
proximaUy, so that the two wedge-shaped proximal plates are nearly 
three times as wide as long. The plates are pustulose, and the proxi- 
mal ones bear several slender spines. 

Adambulacral plates more numerous than the inframarginals, 
conthiuing around the axillary interbrachial plates, in front of 
which the colunms meet in two triangular and enlarged adambu- 
lacral oral armature plates. Each piece bears two short, obtusely 
pointed spines. 

Ambulacral grooves narrow and deep, either straight or very slightly 
petaloid. Ambulacral plates equaling in number the adambulacrals 
and arranged in directly opposed, closely adjoining columns. Podial 
openings in two columns through the sutures in the lateral part of 
the furrows. 
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Axillary interbrachial plates large, a single one situated in each 
area between the adambulacral and inftamarginal columns. Each 
bears short, thick, blunt spines. 

Mouth plates (tori) minute, one situated in front of each pair of 
oral armature plates. 

Oenohdotype. — Paiseaster eucharis Hall. 

DistriJmtion. — Restricted to the Hamilton and Chemung of the 
American Devonic. The species are: 
D. eucharis (Hall). Hamilton. 
D. chemungensis, new species. Chemung. 

Remarks. — This genus is readily distinguished from Hudsoruuter 
in having well-developed radial and ambital accessory plates, in 
the numerous very small plates of the disk and in the presence of 
interbrachial axillary plates. 

Dewnaster differs from PaJUsaster in havii^ radial coliunns of 
plates and in the presence of three plates in each interbrachial area 
against one in PcUseaster. There are also other differences. From 
NeopalsMLster it differs in having ambital accessory plates and no 
ocular plates; while the proximal supramarginals and radials are 
very large in the former, they are small in Dewnuister, particularly 
the supramarginals, which are not readily distinguished from the 
accessory disk plates. In Alesopaissaster and Pronu>palsRaster the 
accessory plates are always arranged in columns or rows and the 
ambital accessory plates are not restricted to the axillary areas as 
in Devoruister. Further, in those genera (excepting in the smaller 
forms of Mesopalsea^ster) there are always from two to five inter- 
brachial marginal plates, while Devonaster has but one axillary 
marginal in each interbrachial area. 

Devonasier greatly resembles abactinally Xeiuuter of the Lower 
Devonic of Germany, but is readily distinguished actinally in that 
the latter has more large interbrachial plates, and especially in the ad- 
dition of numerous accessory interbrachial pieces. These differences 
are pointed out in more detail in the remarks on Xenasi/er. 

DEVONASTBR BUCHAKIS (Hidl). 

Plate 12, figs. a-«. 

PaUmter eucharis Hall, Twentieth Rep. N. Y. State Gab. Nat. Hist., 1868, p. 
287, pi. 9, figs. 3-3a (?4); rev. ed., 1868=1870, p. 330, pi. 9, figs. 3-3a (?4),— 
QuENSTEDT, Petre&ctenkunde Deutschlands, vol. 4, 1876, p. 71, pi. 92, 
fig. 29.— ZnTEL, Handb. Pal., vol. 1, 1879, p. 452, fig. 323.— Cole, Bull. 
Geol. Soc. America, vol. 3, 1892, p. 512, pi. 15.— Clarke, Bull. N. Y. SUte 
MuB., No. 158, 1912, pp. 44-45, 6 pis. 

Xenaster euehar%$ SghQndobf, Jahrb. nasBauisch. Ver. Naturk., Wiesbadeiii vol. 
66, 1913, pp. 87-96, pi. 3, figs. 1, 2, text figs. 1-3. 

Original description. — ''Body rather large; the largest individual 
being one inch and seven-eighths from the center of the body to the 
extremities of the rays; the whole having a robust ai^ct; rays 
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acutely pointed at the extremity. Upper [abactinal] surface of 
rays composed of three [radial and two supramarginal] ranges of 
large, highly convex or tuberculiform plates which are nearly cir- 
cular at the bases of the rays, becoming quadrate and widened to- 
wards the extremities; separated from each other in the lower part 
by numerous minute [accessory] plates or granules, which become 
fewer near the middle of the ray, and before reaching the extremity. 
The central portion of the disk is occupied by an elevated pentagon, 
the angles al which are formed by the abrupt termination of the 
central row of plates of each ray: the whole composed of very mi- 
nute, highly convex plates, which vary in size, the larger ones pen- 
tagonally arranged. The angles between the rays have a few [nu- 
merous] small [accessory ambital] plates outside of the outer ranges 
of tuberculose [supramarginal] plates on the upper side, uniting 
with the inframarginal plates below [and not extending beyond 
the third or fourth inframarginal proximal plate]. Madrepor^orm 
tubercle distinct, situated laterally at the bases of the outer [suprsr 
marginal] range of large plates of two adjacent rays. Ventral sur- 
face having deep ambulacral grooves, bordered by two ranges of 
strongly tubercidose plates; the outer [infra] marginal range con- 
sisting of 27 or 28 plates, besides a large, round [or elliptical], ter- 
minal or axillary [interbrachial] plate; the others are wider than 
long in the basal portion of the ray, becoming gradually shorter 
towards the extremity where they are rounded. All the [infra] 
marginal plates are visible from the upper [abactinal] side, and 
usually appear as an additional range of plates on each margin of 
the ray, making five with the three properly belonging to the upper 
surface. Those of the inner range bordering the ambulacra (adam- 
bulflcral plates) are smaller than the marginal plates, about 38 to 
40 in number; the basal or oral plates [oral armature] are triangular, 
those of the adjacent rays uniting by their longer margins; and with 
a single minute plate situated at these points. The plates of the 
exterior surface, both upper and lower, present a granulose or stri- 
ato-granulose surface which appears to have been produced by short 
set8B or spines; and at the angles of the rays the marginal plates 
are armed by a few spines, which are as long or longer than the 
transverse diameter of the plates. Ambulacra composed of a double 
range of short, broad poral plates (ossicula), equal in number to 
the adambulacral plates ; their outer ends excavated on the posterior 
border, forming a comparatively large pore, just within its junction 
with the adambulacral plate. There appears to have been [is] but 
one range of pores in each set of ossicula, but these are large, dis- 
tbct, and pass between [through and not between] the plates." 

The following additional description is that of Mr. Cole. The 
surface of the axillary interbrachial plate ''is granulose and bears 
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three short, thick, blunt pointed spines. The [infra] marginal plates 
bordering each reSntrant angle bear similar but more slender spines, 
which are not 'as long as the transverse diameter of the plates.' 
The spines are arranged in a row near the distal mai^in of the plates 
and number five on the plates at the angle, the number and size 
decreasing until they disappear at the sixth or seventh plate from 
the angle. All the [infra] marginal plates are nearly smooth on the 
free margin and become gradually more granulose toward the line 
of junction with the adambulacral plates. * * * 

''The adambulacral plates are apparently less numerous than 
stated in the original description, and 'the single minute plate 
[mouth plates] ' at the points of the pairs of the oral plates [oral 
armature] is visible in this specimen and is armed with two relatively 
long, slender spines which are apparently but a part of the full 
armature. The adambulacral plates, including the triangular oral 
[armature] plates bear well-defined spines, which are shorter than 
the diameter of the plates to which they are attached. Each plate 
bears two spines so near to the distal margin that the impressions 
of the short and obtusely pointed spines frequently bridge the 
well-defined groove between the adjacent adambulacral plates and 
terminate near the proximal margin of the next plate. The spines 
decrease in size toward the end of the ray and a few plates show 
only one spine. The plates of this range are thick, equaling two- 
thirds to three-fourths the depth of the groove. The vertical angle 
of the faces forming the lateral walls of the groove are beveled, so 
that lateral extensions of the groove are formed between each two 
plates on the same side. These lateral expansions are narrow and 
shallow at the oral surface, deeper and wider inward; so that the 
faces of the adambulacral plates near their junction with the poral 
[ambulacral] plates are reduced to a narrow edge which projects 
inward and nearly touches the corresponding plate on the other 
side of the groove. The general appearance of the fossil as well as 
the outline of the rays at the points where the broken block presents 
a transverse section of them indicates that the plates have their 
normal position, not having suffered distortion by pressure. 

''The ambulacral plates are shown by a well-defined mold of their 
under or external surface. The soft matrix which filled the ambukr 
oral furrow pressed upon the membranes connecting the ambulacral 
plates and occupying their pores, and as these, membranes decayed 
it was forced by gentle pressure into the pores and between the 
edges of the plates. The mold of the groove is less than one-eighth 
of an inch in width in a ray measuring five-eighths at its base. The 
upper smrface of the mold bears a narrow longitudinal median ridge 
which marks the junction of the two ranges of ambulacral plates. 
Similar transverse ridges, which are continuous with the lines mark- 



BSVIdlOK OF PALfiOZOlO 8TELLBB0IDSA. lOl 

ing the junction of the inner faces of the adombulacral plates^ mark 
the proximal and distal margins of the ambulacral plates. These 
ridges do not cross at right angles to the median line, but include 
between their proximal sides an angle of about 125°. These ridges 
indicate that the ambulacral and adambulacral plates were equal 
in number, and that the former were united in pairs along a straight 
median line rather than in an alternate right and left arrangement 
along a zigzag line, as is shown in Dr. Hall's figures. The pores 
described as being 'excavated in the posterior border of the ambu- 
lacral plates and just within their junction with the adambulacral 
plates' are not clearly shown on this specimen, although there are 
irregular and inconstant markings at some of the points of the molds 
of the lateral extensions of the groove. A series of pores near the 
median line is indicated by a series of small rounded prominences 
on each side of the median ridge and very close to it. These promi- 
nences are opposite the lateral expansions of the groove, and one is 
found on the mold of each ambulacral plate. The pores appear to 
have perforations very near the edges of the plates, or excavations 
in their margins. " 

Abnormal devdopmerU. — ^Among the 400 specimens of this species 
recently found near Saugerties, New York, there are a few indi- 
viduab each with but four rays, though otherwise they appear to 
be of normal development. This is the first discovery of a four- 
rayed starfish in the Paleozoic. 

Formation and loadity. — In the Hamilton of the Middle Devonic 
near Hamilton, Summit and Cooperstown, New York, Two sepa- 
rated rays of apparently this species were found by the writer in the 
lower third of the Hamilton near Bartletts Mills, south of Thedford, 
Ontario. Two other fragments from the same locaUty' are in the 
University of Toronto (Walker collection, No. 1610H). The type 
and other specimens are in the American Museum of Natural History, 
one 13 in Colgate University, another at Wesleyan University, and two 
in Yale University Museum. 

Recently the New York State Survey collected in the Hamilton 
sandstone at Mount Marion, near Saugerties, New York, over 400 
examples of this fine starfish. They occur in a limited area and 
are often found in association with Grammysia and in such manner 
that Doctor Clarke believes the starfishes were feeding on the bivalves. 
This is probably the most remarkable find of Paleozoic starfishes, and 
is certainly so for America. 

DEVONASTBR CHSBfUNOENSIS, new spedat. 
Plat6 11, fig. 2. 

Of this species only the actinal side is known, and its general 
structure so far as can be made out is that of £>. euchoHs (Hall). 
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It differs from the latter in that each axillary interbrachial plate 
bears one stout spine, while D. eucharis has three. Further, in 
D. eucharis six or seven of the proximal inframarginal plates of 
each column bear on their outer side a number of small, slender 
spines. In D. chemungensis these spines may also be present but 
in addition each plate bears centrally a prominent tubercle for the 
articulation of a large spine. 

ForrruUion and locality. — ^The type is in the Museum of Columbia 
University, New York City (No. 6228G). It is from the Spirifer 
disjundus sandstone of the Chemung of 'Central Pennsylvania.'^ 

NEW GENUS. 

NEW SPECIES. 

In the University of Chicago collection there is a specimen (No. 
14397) collected by Professor Weller in the St. Louis limestone on 
Fountain Creek, at Waterloo, Illinois. This five-rayed asterid is 
small, shows only the abactinal side, and has very long but narrow 
marginals and not over six or possibly seven in a column; the basal 
plates of adjoining columns make the axils. Otherwise the abactinal 
skeleton of the rays consists of many small, loosely adjoining pieces 
whose arrangement can not be made out. Nor can the disk struc- 
ture be determined. 

The relationship of this specimen seems to be with the Promo- 
pakeasteridffi, with possible nearest affinity to the genus Mesopa- 
laeaster. 

Measurements: Il=»not less than 10 mm., r»4 mm. 

Progressive PromopalseasteridaB with the interbrachial areas com- 
plex and composed of the single axillary interbrachials, more than 
one pair of interbrachial marginals, and adambulacral plates. Podial 
openings in each ambulacral furrow mainly in two columns, but 
proximally there may be two additional ones in a length never 
more than one-third the rays. 

Contains: 

Promopdlseastery new genus. 

PROMOPAL-rCASTER, ne^w genus. 

Plates 13 to 23, 25. 
PalsBoster (part) of Authors. 

PromopaUeaster Schuohbrt, Fossilium CataloguB, Animalia, pt. 3, April, 
1914, p. 24. 

Promos, chief, and aster. The largest and chief starfishes of the 
American Ordovic. 

Oeneric characters. — ^Disk above medium size, with distinct and 
angular interbrachial arcs. Rays five, slender to stout, more or less 
long, and tapering. Some species attain a large growth. 
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Abactinal area of rays vdth numerous columns of small, more or 
less tumid, closely adjoining or reticulated, spine-bearing plates. A 
medial radial and two lateral or supramarginal columns of plates are 
usuaUy more conspicuous than the accessory columns; however, the 
radial plates may be also inconspicuous. The longitudinal arrange- 
ment in columns is usually most pronounced, but sometimes the 
plates on each side of the radial column may have a decided diagonal 
iirraDgement. Small accessory plates are usually inserted between 
the columns of ossicles or between the individual pieces both distally 
and prozimally. Disk with numerous smaU accessory plates hke 
those of the rays, with no apparent definite arrangement except 
the supramarginal columns, which contiaue over the disk and unite 
angularly in the axillary areas. The larger plates bear several 
short articulating spines of which the one on the apex is the largest. 

Ambital areas well developed, there being one or more columns 
of smaU plates like the radial accessory columns both in form and 
arrangement. 

Madreporite usually conspicuous, radially striated, and situated 
near the margin of the disk between the adjoining columns of supra- 
marginal plates. 

Inframarginal plates small and numerous distally like the adambu- 
lacrals, but proximally they usually increase rapidly in width and 
assist in forming the small interbrachial arcs. Each ossicle has 
numerous small granules which probably bore short, smooth, articu- 
lating, blunt spines. 

Adambulacral plates distally like the inframarginals, increasing in 
width proximally and continuing around the plates of the inter- 
brachiid areas. The two proximal plates of adjoining colmnns are 
the pairs of plates in the oral armature. Each adambulacral plate 
has a more or less well-developed narrow ambulacral extension which 
unites with the carina of the ambulacral plates. These extensions 
belong to the adambulacral plates, apparently always so distally, but 
proximally they are often separated from the adambulacral plates 
hy sutures; throughout the greater portion of the rays they are situ- 
ated medially, but in the proximal region they are either on the distal 
or proximal edge, each alternate^ plate having the extension from 
the same comer a little longer. Each plate has more or less numerous 
spine-bearing granules in addition to the three larger articulating 
spines which are inserted one on the ambulacral and two on the lateral 
edge. 

Ambulacral furrows generally very wide and regularly tapering. 
In each ray there are two columns of these plates which are slightly 
alternating or opposite. The plates are as numerous as those of the 
adambulacral columns, highly carinated, about as wide as long in the 
tttreme distal portion of a ray, increasing rapidly in width proximally 
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and at the base of the rays may be four times as wide as long. The 
podial openings, one to eadi plate and in single ranges, are at the 
extreme lateral edges excavated between the sutures of adjoining 
plates and beneath the adambulacrak. Proximally, however, every 
other podial opening progresses inwardfy with the joined carime and 
issues where these begin to fork. Here there are, therefore, four 
columns of podial openings in eadi ambulacral furrow. This change 
is indicated by the changed position of the adambulacral plate exten- 
sions and also by the pairs of forked carinae of the ambulaoal plates. 
Throughout the greater portion of a ray the carinse are regular and 
aUke on each plate, but toward the mouth they change rapidly in 
direction and soon they are arranged in forked pairs, one carving 
distally, the other proximally, with the lateral portions of each pair 
in contact and uniting with the extensions of the adambulacral 
plates. The most proximal plate of each ambulacral colunm is 
usually considerably modified, longer than wide, and more or less 
triangular in outline, between which there is sometimes inserted a 
small quadrangular ossicle. These pieces belong to the oral 
armature. 

Interbrachial areas of medium size, with the interbrachial marginal 
plates usually arranged in pairs but in some forms the series may be 
terminated by single ossicles. The number of these plates in an area 
varies in different species, there being two, three, or five inside the 
marginal inframai^nals, and all seem to be derived from the 
inframarginal series by inward crowding. 

Oenoholotype. — Palasaster granuUmis Meek (not Hall » P. ffptfcuwttf 
Meek). 

Distribution. — ^Restricted to the Middle and Upper Ordovicic of 
America, chiefly within a radius of 50 miles about Cincinnati, Ohio. 
The following are the known species: 

P. vnUani (Raymond). Black River (Lowville). 

P. prenuntius, new species. Trenton. 

P. sp. imdet. lYoung of P. spedosua Meek. Maysvillian. 

P. spedoaus (Meek). Maysvillian. 

P. grarmlosus (Hall). Lower Richmond. 

P. beUuluSf new species. Richmond. 

P. 8pvnulo8U8 (Miller and Dyer). Richmond. 

P. ezculptus (Miller). Richmond. 

P. wykoffi (Miller and Gurley). Richmond. 

P. dyeri (Meek). Maysvillian. 

P. magnificua (Miller). Maysvillian and Richmond. 

Remarks. — ^Eight of the ten species here referred to Promopdlxaster 

have been described as Paixaster. They have little direct relationship 

with the latter genus in that the species are much larger, have well 

developed ambital areas, numerous accessory plates, well defined 



BBVISION OF PALBOZOIO 6TELLEB0IDSA. 105 

interbrachial arcs, and from two to five interbrachial marginal plates 
in each interbrachial area. PramopalsBoster is a direct development 
from Meaopdlaeaster, in that it preserves the generic characters of the 
latter, which is in turn a descendant of Hudsanaster. In Hvds(marier 
there are no interbrachial plates, accessory or ambital columns. In 
Mesapabuuter the single ^dllary margined plate of Hvdsanaster has 
been crowded orally and is no longer a marginal but an axillary 
interbrachial. Further, the radial and both mai^inal colunms are 
more or lees completely separated from one another by accessory 
oolmnns of smaller plates. In PromopciUeaster this addition of 
columns of small plates is carried to its greatest development. The 
character, however, which is reUed upon to distinguish it from Meso- 
folseaster is that PromopiilseaMer always has two or more interbrachial 
marginal plates in each interbrachial area, while the former genus 
has one, the axillary interbrachial, and Hvdsonaster has none. The 
position and nimiber of axillary and interbrachial marginal plates 
will readily distinguish these genera, but if the abactinal area of a 
new form alone is seen it will be difficult to determine whether it is a 
Meaopdlseaster or PromopdlaeaMer. SmaE size and few accessory 
columns, especially ambital, will help somewhat to distinguish 
Mesopaiseagter from PrvnuypdlaecLster. 

Accepting Promopdlseaster as a descendant of Mesopalseaster, it is 
seen that the axillary interbrachial plates of the latter have in P. 
exedplus been followed by two proximal pieces of adjoining infra- 
marginal columns. The same is probably true of P. spinvlosus, but 
here no axillary interbrachial has been observed. In P. speciosus 
and P. hdhdus, another pair of proximal inf ramarginals have become 
interbrachial plates, but the axillary interbrachial is also xmknown 
m this species. In P. dyeri and P. magnijicus the axillary inter- 
brachial is present along with two pairs of interbrachial marginals. 
In other words, there is in PromopcUseaster a constant increase in the 
size of the interbrachial area produced by the crowding of pairs of 
proximal inframarginal plates. 

P. 8peeio9U8 and P. leUulus are closely related species, and so far 
as can be determined have but two interbrachial marginal plates, 
while oxu* theoretic development requires three. There is, however, 
in each area orad to the interbrachial plates a small hiatus which in 
some cases appears to be filled by extensions from the adambulacral 
plates. It seems therefore probable that the axillary interbrachial 
plate may be retained, but is not now discernible on accoimt of its 
small size or adhering clay; it may aJso have dropped out or have been 
absorbed and its place occupied by the adjoining adambulacral plates. 

In a general way it can be stated that there is also a regular increase 
m the number of accessory plates from Mesopalxaster to PromopaU^ 
(uUr through P. spinulosua, P. speciosris, P. beUulus, P. dyeri into 
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P. magnificus. It seems probable from the mature material studied 
that the most differentiated species of PramopaiUeaster, P, magniiicas, 
passed through ontogenetic stages comparable to Hvdsanasier, Mesa- 
palseaater granH, and Pramopalseaster heUvluB, 

P. magniUcus at present stands alone in its beautiful diagonal 
and longitudinal arrangement of abactinal plates. 

PROMOPALJIASTBR WIL80NI (Raymood). 
Plate 13, figs. 1, 2. 
PaUeoiterf vnUonx Raymond, Ottawa Naturalist, vol. 26, 1912, p. 77, pi. 5, figs. 

Original description. — '* The specimen is exposed from the abactinal 
side, and preserves the greater part of one arm, the disk, and the 
stumps of the other four arms. The diameter of the specimen, 
when complete, must have been about 75 nmi. (3 inches), and the 
diameter of the disk is 20 mm. This is large for a starfish from the 
lower Ordovician. The arms are quite convex, with a gentle taper, 
reminding one somewhat of the common recent starfish, Asterias 
vulgaris, and as in that species, the arms were probably somewhat 
flexible. The greater part of the abactinal side of the disk and arms 
is covered with small convex, overlapping, V-shaped plates, which 
are arranged with the point of the V directed toward the margins. 
Along the crest of each arm there is a single row of larger plates 
(radial colunm). These plates are quite large and hexagonal in out- 
line near the disk, but become smaller, triangular, and alternate in 
position farther out on the arm. There are two rows of marginals 
[supra and infra] these plates being larger and flatter than the other 
plates, and covered with minute tubercles, which may be spine bases. 
Close to the disk, the supramarginals and [infra] marginals seem to be 
of the same size, both rectangular, and the plates of the supra- 
marginal row directly over those of the marginal series. Farther 
out on the arms, the plates are pentagonal, those of the two rows 
alternating in position, and dove-tailing, and the supramar^als 
are smaller than the marginals. One of the marginals, about half- 
way out on the arm, is 1.25 mm. high and of about the same breadth. 
The smaller triangular plates which cover the greater part of the 
arm average about 0.5 to 0.6 mm. in height. On one of the arms, 
the small triangular plates seem to be arranged in rows parallel to the 
axis of the arm, but the plates on the longer arm seem to be more 
irregular, although a general arrangement in rows can be seen. On 
this arm there are a number of very small plates scattered about, 
especially on the top of the arm, thus adding to the irregularity. The 
triangular shape of these plates gives the arm a neat pattern, the plates 
making diagonal rows backward and forward from* the row of large 
plates along t^e top of the arm. The madreporite, which \a nearly 
circular in outline, and 2 mm. in diameter, is in position, but slightly 
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tipped down at the inner side, in an interradius; and not far from the 
center of the abactinal side of the disk. The surface is probably wom, 
for it appears perfectly smooth." 

In places the abactinal ossicles are removed, ''disclosing the ambu- 
lacral plates. These plates, which are long and rather thick, seem 
to be iJtemate in position. Two of the plates seem to be pierced by 
pores near their proximate ends, two pores piercing each plate ver- 
ticaUy. Near the outer end of the more perfect arm there is a space 
where a few of the small triangular plates are missing, and here also 
the ambulacral plates can be seen from the upper side. Each plate 
has a narrow keel on that side. Other details of the plates of the 
actinal side are unknown." 

FoTTfMion and locality. — In the Lowville limestone at City View, 
near Ottawa, Canada, where this interesting asterid was foimd by 
ICss A. £. Wilson, in whose collection the holotype now is. 

Remarks. — ^It is interesting to note that this fully developed 
Promopaiseasterf one closely related to P. magnificus of the highest 
Ordovicic, occiurs in much older rocks; that is, in the Black Eiver 
formation. This occurrence again brings out the fact often noted 
by the writer, that Paleozoic asterids are slow to change in characters 
accessible to the paleontologist. 

P. magniiicu8, like P. wUsord, Raymond states, "has two rows 
of large marginals and a row of large plates along the top of each 
ann, while the greater part of the siurf ace is covered with small 
convex triangular plates. Miller found the plates to be spine-bearing, 
a point which can not be definitely decided in the present species. 
From the photograph (submitted by Schuchert) it appears that there 
are spaces between the small triangular plates on the abactinal sin- 
face in Pdlaeaster t magnificus, while inP.t wUsani these plates actually 
overlap each other." 

PROMOPALSASTBR PRENUNTIUS, new spedat. 
Plate 13, fig. 3; plate 15, fig. 5. 

Remarks. — ^This species is represented by a good specimen showing 
the actinal side, the other adhering to the limestone. R « somewhat 
less than 30 mm., r«7 mm. Width of ray at base about 9 mm. 

P. prenuntius is closely related to P. spedosus, but is distinguished 
therdrom by the smaller size, less pustulose ornamentation of the 
plates, and the lower position in the geological colimm. The plates 
of the axial area are also more regular in size and there are in the 
proximal region nearly always two adambulacrals to each inframar- 
ginal; at about mid-length of the rays the plates of each of the two 
cohimns are about equal in number, but every now and then there 
is some duplication among the adambulacrals. P. premintius is 
equally as spinose as P. spedosus and the former is imdoubtedly the 
fliooestor of the latter. 
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Ftmnation and locality. — ^The holotype was collected by Mr. Wendt 
near Frankforti Kentucky, apparency in the Lower Trenton. The 
writer's attention was called to it by Prof. Arthur M. Miller, who 
has it in his charge at the State Uniyersity of Kentucky at LexingtozL 

PROMOPALSASTSR, apedM undetennliied. 
Plate 14, figs. 1, 2. 

AsUrias primordialia Anonymous, two lithographic figures sent out by the Westoni 
Academy of Sciences previous to 1872 widiout description or Imown author. 

Nothing more is known of this species than the two good original 
illustrations reproduced here. These figures were sent to F. B. Meek 
on May 18, 1872, by Mr. D. H. Shaffer, of Cincinnati; Ohio, with the 
following comment (they were found in the Meek correspondence 
kept in the United States National Museum): ''The lithograph in- 
closed of this Asterias was found here, and in the possession of 
Joseph Clark (deceased). I saw it, and this is a faithful picture of it. 
I think the fossil is either in the possession of his nephew or in the 
cabinet of Maxwell's Female Seminary, which now is the owner of 
Mr, Clark's cabinet. I think it is worthy a place with Palaeaster 
shafferi in the illustrations of the Ohio Geological Survey." 

From the illustration one sees that this form had on the abactinal 
side of the rays about nine columns of ossicles. Of these the radial, 
supra- and inframarginals are largest. Between the marginals there 
is a single column of tiny ambital pieces, while on each side of the 
radials are two columns of smaU accessory pieces. The structure of 
the disk pieces can not be made out. 

The interbrachial areas are small and do not appear to have more 
than two inwardly crowded inframarginals, but there may also be 
present single very small axillary pieces. 

The adambulacral and inf ramarginal columns appear to have not 
more than 20 ossicles in a column. Of ambulacrals there are some- 
what more, about 25, and these alternate sUghtly with one another. 

^^ Asterias primordialis'* appears to be the young of Pramopals^ 
a>ster speciosus (Meek), and the differences can all be explained as due 
to incomplete development; that is, the former has fewer ossicles and 
fewer secondary columns of plates. 

Formation and locality. — From the ^lilla of Cincinnati, in the Maya- 
viUe formation. The present whereabouts of this fine specimen is 
unknown. A still smaller and younger specimen is in the Faber 
collection of the University of Chicago (No. 9567), and was collected 
at 350 feet above the Ohio River at Cincinnati. It has but a single 
axillary plate in each interbrachial area, and about 15 adambulacrals 
in a column. It is interesting to note that in these young individuals 
of Promopalseaster, the smaller they are the more they approach 
Mesopalaeaster and suggest Hudsonaster. 
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PROMOPALAASTBR SPBCX08US (MMk). 

Plate 14, figs. 3, 4; plate 15, figs. 1-4. 

Aitericu antiquata Locke (not A, anHqiui Troost), Proc. Acad. Nat. Sci., Phila- 
delphia, for 1846-47, vol. 3, 1848, p. 32, fig. on p. 33. 

PaUBOster antiquaia Hall, Twentieth Rep. N. Y. State Cab. Nat. Hist., 1868, 
p. 286. 

PdUDoster antiquaiu$ Rall, Twentieth Kep. N. Y. State Cab. Nat. Hist., rev. ed., 
1868=1870, p. 328. 

Palxaster granulomu Meek (not Hall 1868), Amer. Joum. Sci., ser. 3, vol. 4, 1872, 
p. 276; Geol. Surv. Ohio, Pal., vol. 1, 1873, p. 60, pi. 4, figs. 3a-c. 

Palxaster specionu Meek, Amer. Joum. Sci., ser. 3, vol. 4, 1872, p. 277 (name at 
end of description); Geol. Surv. Ohio, Pal., vd. 1, 1873, p. 61 (name at end 
of description). 

Also see PromopalaMLster, sp. undet., page 108. 

Original description by Meek (1873). — "Attaining a large size; 
rays (as a little depressed by accident) slightly more than twice as 
long as their breadth at their inner ends; and tapering regularly from 
the disk to their free ends, which are rather acutely angular; breadth 
of the disk a little less than that of the inner ends of the rays. Mar- 
ginal pieces convex [bearing numerous small spines], nearly or quite 
as long as wide, numbering on each side, in the whole length of each 
ray (1.40 inch), 31. Adambulacral pieces, a size smaller, as long as 
wide, convex, and numbering on each side 39 to 40; like those of the 
[infra] marginal series, each bearing a small spine [several spines], 
the largest of which are each about 0.14 inch in length and 0.02 inch 
in thickness [between each two adambulacral plates just above the 
podial opening is inserted a large and thick spine]. Ambulacral 
pieces very short, or nearly three times as wide as long, apparently 
not alternating with the adambulacral pieces, and each provided 
with a rather sharp ridge across nearly its entire breadth. Dorsal side 
of disk and rays composed of small tuberculiform pieces, of which 
about 16 rows may be counted at about half way between the inner 
and outer ends of each ray, along the middle of which those of two 
[always two] or three of the rows are a little larger than the others; 
each dorsal piece bearing a minute, very short spine [they are nume- 
rous and like those of the marginal plates]. Surface of all the pieces 
minutely granular, one of the central granules always being somewhat 
laiger than the others for the articulation of a spine [all of these 
granules bear spines]. Oral pieces and madreporiform body un- 
known." 

Emended description. — Bays regularly tapering. Ba44 mm., 
r* 1 1 mm*, R «> 4r. Width of ray at base 14 mm. 

Abactinal area of rays covered by small, highly convex, tuber- 
culated plates, each bearing numerous short slender spines. These 
ossicles are arranged in longitudinal columnsi of which there are 
15 on each ray at about its mid-length. Tlie plates of one or 
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two median columns are larger and more convex than the three 
colunms immediately on each side, while the pieces of the fourth 
colunm are again more pronounced than those on each side of it, and 
probably represent the supramarginals. Between the supramai^als 
and the inframarginals are from one to three columns of ambital 
plates, and between these are inserted here and there some small 
extra pieces. The extra pieces are mainly developed beside the supra- 
marginal columns. Plates of the disk like those of the rays, but their 
arrangement is unknown. 

Madreporite unknown. 

Inframarginal plates very convex, about as wide as long except- 
ing near the base of the columns where they are about twice as wide 
as long. There are about 31 of these ossicles in a column, and they 
have numerous smaU, slender, sharp spines articulating on well- 
developed tubercles. 

Adambulacral plates greatly resembling the inframarginals. 
They are largest near the mid-length of each ray, diminish in size 
distally, but proximally they hold their width and decrease in length 
and therefore are more numerous. There are 43 plates in each 
column besides those in the oral armature. Ambulacrally each 
adambulacral plate has a short attenuate extension which articulates 
with the crests of the ambulacral plates. Between all the adam- 
bulacral ossicles there is inserted in the suture facing the ambulacral 
groove a single large, thick spine, excepting for a short distance 
proximaUy where such are inserted in every other suture. The 
lateral surface of the adambulacral plates in the distal half of the 
columns bears numerous small spines like those of the inframarginal 
series, but proximally these spines are gradually displaced by two 
or possibly more larger ones like those on the ambulacral face. 

Ambulacral furrows wide and deep. Ambulacral plates of adjoin- 
ing coliunns opposite, two or three times as wide as long, and slightly 
overlapping proximally. Upon each plate there is a high median 
ridge which arises at the inner end of the plate and abuts against 
the short extension of the adambulacral plate. The podial open- 
ings are between the plates and beneath the sutures of the adam- 
bulacral plates, excepting near the base of the rays, where they 
occur in every other suture. The ridges here are sigmoid and not 
straight, as they are more distally. There appear never to be more 
than two rows of podia in an ambulacrum. 

In each axillary area inside of two large inframarginal plates and 
between the converging adambulacral columns are inserted two 
pairs of wedge-shaped interbrachial marginal plates ornamented 
like the inframarginals. 

FimruUion and locality. — ^The holotype and only known specimen 
was collected by Mr. Charles B. Dyer in the Maysvillian at Cip:^ 
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eiimAti, Ohio. It is now in the Dyer collection, Musemn of Com- 
parative Zodlogy (No. 22), Harvajxl University. The original of 
Asieriaa antiquaUi Locke was found at Cincinnati, but the specinoien 
appears to be lost. 

Remarks. — Meek (1873) in describing this specimen, provisionally 
referred it to PdUeaater granuloma Hall and commented as follows: 

''Although this fine Star-fish agrees pretty well in most of its 
characters with the description of Pdheaater granuUmbs of Hali«(which 
has not yet been figured) , I am far from being entirely satisfied that it 
is really the same, as it seems to differ in some important respects. 
For instance, the rays of P. granulosus are described as being 'obtusely 
rounded at the extremities'; while in the form under consideration 
they are rather acutely roimded, if not angular. Again, instead of 
having 25 of the marginal pieces on each side, in a space of one inch 
and a quarter from the apex of each ray, and 42 or 43 of the adam- 
bulacral, it shows in this space 28 marginal and only 32 adambula- 
crai pieces. The number of the latter being about 10 less on each 
aide in the same space— a rather decided difference, showing the 
inner row to consist of proportionally larger pieces. Its ambulacral 
ossicula seem to have the same proportional breadth and length as in 
the type of P. granulosus and also have each a similar ridge across 
the middle; but these ridges do not show the zigzag arrangement 
mentioned in the description of P. granulosus. Prof. Hall does not 
say how many rows of pieces are seen on the dorsal sides of the rays 
of his species; but he states that it is probably the same species that 
the Western Academy of Sciences sent out lithographs of imder 
the name Asterias primordidlis. One of these lithographs, now 
before me [reproduced here on plate 14, figs. 1, 2], represents from" 
8 to 10 rows of these dorsal pieces, which is 6 or 8 less than may be 
counted near the middle of the rays of our specimen. 

''In noticing this form in the Am. Jour. Sci., vol. 3 (3d series), 
p. 277, 1 proposed, in case it should be distinct from P. granulosus, 
to call it P. speciosus.'* 

With such marked differences between P. granulosus and P. sped- 
osus, and since the type-specimen of the former can not be located 
to determine the interbrachial structure, it is deemed adyisable to 
adopt Meek's name P. speciosus for the specimen described above. 

In the upper portion of the Ordovicic in the Richmond formation 
occurs anotJier closely related species, P. beUulus, which is dis- 
tinguished from P. speciosus in having more slender rays and usually 
a greater number of plates in the actinal columns. The greatest 
difference, however, is that it has seven pairs of adjoining adam- 
bulacral plates proximal to the interbrachial plates, while in P. 
speciosus there are but two or three pairs of adambulacrals. In 
other words, the adambulacral oral extensions are far longer in 
P. hdhdus than in P. speciosus. 
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The illustration of Asterias antiquata Locke referred to above by 
Meek is very poor, and yet it seems to be the same species which 
the latter described as P. granulosus Hall = P. spedosus Meek. 
This, however, can not now be established since the whereabouts 
of Locke's specimen is unknown. Both specimens are from Cin- 
cinnati and are of about the same size. Hall comments on this 
species (1870) as follows: 

''This species was noticed by Dr. Locke, as cited above, but with- 
out specific description, and expressing a doubt whether it was or 
was not identical with the Asterias antiqua of Troost. The figure 
would indicate a distinct species from that of Dr. Troost." 

PROMOPALJEASTBR GRANULOSUS (HaU). 

Palxaster granulosa Hall, Twentieth Hep. N. Y. State Cab. Nat. Blet., 1868, 

p. 285. 
Palxaster granulosus Hall, Twentieth Kep. N. Y. State Gab. Nat. Hist., rev. ed., 

1868=1870, p. 327. 

Original description. — '^Body of medium size, five rayed; rays a 
little more than twice as long as their breadth at base; obtusely 
rounded at the extremities. Upper surface of rays composed of 
numerous very smaU tuberculose or subspinose plates; the madre- 
poric tubercle large, quite distinct, situated laterally at the base of 
two of the rays. Under surface of rays composed of a [infra]marginal 
range of small tuberculose plates, about 25 on each side in a ray 
measuring one inch and a quarter from base to apex; and an inner 
(adambulacral) range of smaller plates, of which about 42 or 43 can 
be counted on the same ray; the terminal or oral [armature] plates 
are small, elongate, subtriangular, in pairs at the base of the adjacent 
rays. Ambulacral areas composed of a double series of short, broad, 
slightly curved poral plates (ossicula), each plate marked by a sharply 
elevated ridge along its entire breadth, commencing on the one plate 
at the outer posterior angle and terminating on the anterior inner 
angle, and running in the opposite direction on the adjacent plate. 
When the outer ridged surface of the poral plate is ground away, 
the narrow openings or pores are visible between the plates, apparently 
in two rows in each series, making four ranges of pores in each ambu- 
lacral area. (The marginal ranges of pores are obscure, and may 
only be apparent [there is probably an error here in regarding the 
inner openings as podial openings].) On the under surface, near the 
bases of the rays, the tubercles bear short spines some of which are 
still in place. *' 

''Some figures of a Palxaster, closely allied to or identical with this 
one, from Cincinnati, Ohio, have been circulated by the Natural 
History Society of that place, under the name of Asterias primordialis; 
but no description of it has ever been published, so far as I know, nor 
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do I find it at all recognized in the catalogues." These origmal 
figures are here reproduced as Promopalseaster, sp. undet. (pi. 14, 
figs. 1, 2). The specimen is probably an immature individual of 
P. spedasus, 

Formatian and locaUty. — ^The holotype was found by Mr. J. Kelly 
O'Neall in the Lower Richmond formation near Lebanon, Ohio, and 
was loaned to Hall for description. The whereabouts of the specimen 
can not now be located. Some years ago the writer asked the late 
Professor YHiitfield about it and he answered that Hall had returned 
it to O'Neall, but the latter in turn wrote (Aug. 27, 1896) that he 
had not received it. 

Remarks. — ^This species seems to be distinguished by the smaller 
number of plates in the inframarginal columns, as the following table 
shows. However, until the nature of the interbrachial areas is known, 
the relationship of P. granulosus to other Paleozoic forms can not 
be stated. 



p. framtUotus (Hall). . . 
P.ipeekmuOlttk).... 
P. beOuhn, lUfw species 
P. magnifiatt (Mffler) . . 



Infr&in&r'* 
ginals. 



25 

31 

31-38 

45 



Adambu- 
lacrals. 



42-43 

43 

4^-55 

50-52 



Inter- 
brachlals. 



4 

4 

6 



Adambu- 

lacrals 

orfMl to 

Inter- 

brachialfl. 



4 

8 
5-6 



PROMOPAIJBASTBR BBLLTTLUS, new species. 

Plate 15, figs. 6-8; plate 16, fig. 1; plate 18, figs. 4, 5. 

R B 36 mm., r = 10 mm., R = 3.6r. Width of ray at base, 1 1 .5 mm. 

A first view of this species gives the impression of P. spedosus 
(Meek). Of the latter but a single specimen is known and it is now 
lost, while of P. heUutus there are numerous examples, all of which 
have the same specific characters. The specimens preserved in lime- 
stone have the rays more slender, while those from soft shale are as 
stout as in P. spedosus. 

In the holotype of P. heUvlus from limestone there are 55 adam- 
bulacral and 38 inframarginal plates in each column, while in 
P. spedosus there are 43 and 31 plates, respectively, in the same 
columns. Shale specimens of P. heUvlus have less plates in a column. 
One of these, a somewhat smaller specimen than the holotype, has 
31 inframarginal plates, the same number as in P. spedosus, and 
about 48 adambulacrals in each column. P. heUulus has therefore 
from 31 to 38 inframarginal plates and from 48 to 55 adambulacral 
plates in each column. 
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A more importaiit distinguishing character exists in the inter- 
brachial areas. In P. heUvlus and P. speciosua there are two pairs 
or four interbrachial marginal plates, while the number of adjoining 
adambulacral plates is greater. In the latter there are four of these 
on each side, while in the former there are eight. In other words, 
the interbrachial areas in P. hdlvlus are much more elongated orally 
than in P. specioaus and the interbrachial arcs are also greater. 

Abactinally on the rays the arrangement and number of columns 
of plates appear to be very much like those in P. speciosus. The 
individual plates are, however, less convex, cruciform, more like those 
of P. 8pinulo8U8, and have stronger and more abundant spines. The 
spines in P. heUuLus are very numerous, short, and slender, and are 
inserted one on the apex of each plate and a number around the sides 
in the angles between the radial extensions. In P. speciosus the spines 
are grouped over the convex area of the plate and aroimd the larger 
central spine. The arrangement of the plates of the disk appears to 
have no marked pattern and consists of very numerous small plates 
like those of the rays. 

The adambulacral plates each bear three spines as in P. speciosus 
and increase in size toward the base of the rays. One is inserted on 
the inner or ambulacral face of the plate and the two closely adjoining 
ones immediately above and laterally on the rounded surface. 

Ambulacral plates as in P. speciosus. 

Madreporite of medium size, subcircular in outlii^e, with numerous 
straight, sharp, radiating ridges. It is inserted proximally between 
two adjoining columns of supramarguial plates. 

A development occurring only in this species of Promopciheaster 
is a single plate oral to the proximal adambulacrals. This plate 
has been seen in four axillary areas. It may be a modified ambu- 
lacral and may correspond to a similar plate, which is an ambulacral, 
in P. exculptus. 

Formation and locality. — Of this species quite a number of speci- 
mens were secured by Mr. Harris in the Waynesville beds of the 
Richmondian. They are alUn the United States National Museum. 
One excellent specimen (the holotype) showing the actinal area, 
and two smaller poorer specimens are attached to limestone, while 
eleven fair specimens and fragments of eight other individuals are 
from a soft blue shale associated with Zygospira modesta and PtUo- 
dictya sTiafferi (upper form). All were secured in the vicinity of 
Waynesville, Ohio. The shale specimens were exhumed from one 
small area, showing that probably many starfishes could be similarly 
secured by collectors, since these soft specimens in weathering out 
are broken up and lost; more asterids will be found when they are 
dug or quarried for. Another good specimen is in the Gurley col- 
lection of the University of Chicago (No. 10983) and was found at 
Versailles, Indiana. 
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Remarks. — ^The similarity and difference between P. leUulua and P. 
spedoma are pointed out above. Another related species is P. apinu^ 
htUB, which has the same kind of abactinal plates and madreporite 
as P. beliulus. In the former the rays are far longer and narrower, 
with fewer ambital plates and colmnns between the supramarginals. 
Actinally P. spinvJosus is at once distinguished from P. heUulus 
in the much smaller interbrachial areas, in that it does not have 
more than two interbrachial marginal plates while P. beUulus has 
four. In the latter species there are also far more adambulacral 
plates aroimd the interbrachial pieces. 

It will always be difficult to distinguish fragments of P. beUulus, 
P. speeiosus, and P. spinvlosus from one another, even with good 
material, since at least two specimens of P. heUulus were identified 
as PdUeaster granuloaua BihU'^'Promopalseaster apeciosua (Meek). 

Cat. No. 40879, U.S2TJM. 

FROMOPALJCASTBR SPINULGSUS (MUlar and Dyw). 

Plate 16, fig. 2; plate 17, figs. 1, 2; plate 18, figs. 1-3. 

Gomparo with PromopalsBaater exadptiu (Miller). 

PdUtoiUr MpinuUmu MnxEB and Dyer, Joum. Cinciiioati Soc. Nat. Hist., vol. 

1, 1878, p. 32, pi. 2, figs. 12-126. 
PalaeasUr UmgibradwUus Miller, Joum. Cincinnati Soc. Nat. Hist., vol. 1, 1878, 

p. 102, pi. 3, fig. 4. 

Original description (of PdUeaster spinulosus). — ''Pentagonal; 
rays longer than the diameter of the body; marginal plates globular 
near the apices of the rays, but lengthened toward the junction 
with the body. Six of these plates measure from the body on a ray 
three-tenths of an inch. Two wedge-shaped plates form the junc- 
tion of the marginal plates with the body. 

''Adambulacral plates a little smaller [in width] than the margi- 
nal pieces, and possessed of two or three [four or more] spines to 
each plate. These spines taper to a fine point, and are longer than 
the diameter of the plates. The oral pieces are not determined 
[they are like those in P. exculptas]. The ambulacral plates have 
their greatest length across the rays, and are possessed of a sharp 
lidge in the middle which seems to be [is] connected at one end with 
the adambulacral pieces. [The entire number of plates in each 
range can not be given, since the rays are imperfect.]. 

"The dorsal side is covered with plates imited by angular exten- 
sions. They are of unequal size, and strongly tuberculated or spi- 
nous. 

"The madreporiform tubercle on its upper face is an oblate sphe- 
roid, much depressed, and marked by fine radiating striao, which 
become more numerous by intercalation, without bifurcation. 
[This plate is interpolated between the proximal plates of two ad- 
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joining columns of supramarginal ossicles and about mediallj be- 
tween the margin and the center of the disk.]" 

SuppleTnentary description. — TX unknown, r=7 mm. Width of 
ray at base 9 mm. 

Abactinal area of rays margined by inframai^nals, above and 
inside of which are columns of large, bipyriform, multispinous, su- 
pramarginal plates of which there are five in 5 mm. at the base of a 
ray. The columns of adjoining rays unite in the axillary areas. 
Inside of the supramarginal columns the rays and disk have numer- 
ous smaller accessory plates, usually triangular in outline or vari- 
ously stellate. They lie upon or against each other, each ossicle 
bearing at least one small spine, and leave between them numerous 
abactinal openings. Outside of the supramarginal plates in the 
ambital areas are spicular ambital plates which cover the abactinal 
side of the inframarginals. 

Description of tke type of Palsexister TxyngihrachiaMis. — ^R = 38 mm., 
r=7 mm., R = 5.4r. Width of ray at base 9 mm. 

Rays large, slender, tapering slowly; actinally somewhat convex 
at their outer ends, but elsewhere concave. 

Abactinal area unknown. 

Inframarginal plates granular, large, decreasing gradually in size 
distally, highly convex, in outline tetragonal or pentagonal and 
common to both the abactinal and actinal areas. From 28 to 30 
plates in a column on each side of a ray. 

Axillary areas occupied by the proximal plates of adjoining infrar 
marginal columns, and in the interbrachial areas there are two sub- 
quadrangular or subtriangular interbrachial marginal plates. There 
may be an additional small single plate in each area. 

Adambulacral plates greatly resembling the inframarginal ossicles. 
Distally they progressively overlap the inframarginal plates con- 
siderably, while proxunally they gradually increase in size and are 
entirely inside and depressed beneath the plane of the marginal 
columns. Orally the columns of adjoining rays imite in two wedge- 
shaped modified adambulacrals (oral armature pieces). 

Ambulacral furrows deep and gradually tapering. Ambulacra! 
plates imknown. 

Formation and locality. — ^The type of Palaeaster spinulosus (No. 16, 
Mus. Comp. Zool.) is said to have been found at Cincinnati, Ohio. 
This is probably an error, since ifSs color and preservation indicate 
the Richmond formation and that it comes from some locality 
considerably to the north of Cincinnati. The only other known 
specimen, the type of P. lon^gibrachiatus, was found in the Richmond 
formation near Clarksville, Ohio, and is in the Harris collection, 
United States National Museum. 

BerruirTcs. — ^The type-specimen of Palseasier spinuhstLS, which is 
free, preserves but the disk and a small proximal portion of the rays. 
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Comparing it with the actinal area of P. hngihracMatus Miller, it 
is evident that both forms are identical. In the latter the rays are 
complete, very long and slender, and there is nothing to show that 
they were dissimilar in P. spinulosus Miller and Dyer. Both types 
are nearly of the same size and the actinal plates are identical in form 
and arrangement. The abactinal area in P. Imtgibrachiaius is not 
known, but since its actinal structure is that of Promopalsedster 
spinulosus it is safe to assume that the abactinal structure is alike 
in both. 

P. spinulosus actinally is also closely related to P. exculptus (Miller). 
The latter appears to have shorter and more rapidly tapering rays 
and in general seems to be a more robust species. Another character 
by which these species can be separated is that the interbrachial 
areas in P. spinulosus have two, while P. exculptus has three inter- 
brachial marginal plates. It is possible that the former species 
also has three interbrachial marginal plates, but as yet the small 
single piece of each area has not been observed, while in P. exculptus 
it is distinctly present in each of the five areas. Should P. spin- 
vlosus also prove to have three interbrachial plates, it would be diffi- 
cult to distinguish it actinally from P. exculptus, 

P. dyeri and P.- magnijicus are far larger species and have five 
interbrachial marginal plates in each area. 

Cat. No. 40881, U.S.N.M. 

PROMOPALSASTER EXCULPTUS (MUlar). 

Plate 18, fig. 7; plate 20, fig. 2. 

Compare with Promopalssaster spinulosus (Miller and Dyer). 
Palaeaster exculptus MnxBB, Joum. Ciaciimati Soc. Nat. Hist., vol. 4, 1881, p. 69, 
pi. 1, fig. 1. 

Original description. — "Pentagonal; rays a little longer than the 
diameter of the body; diameter of the body, about 0.93 inch; length 
of ray measuring to the center of the body or disk, about 1^ inches; 
breadth of a ray at the junction with the body, about 0.57 inch; rays 
obtusely pointed. 

''The [infra-] marginal range consists of somewhat quadrangular 
plates, having a width a little greater than the length; the first 8 
of these have a length of one-half inch, and there are about 18 in 
the length of an inch, and not far from 25 in each range, though the 
specimen does not permit us to make the count with certainty. The 
surface is strongly tubercular, and was probably spinous [originally 
covered with numerous smaU spines]. 

''The adambulacral range consists of about 28 [25] plates, on each 
side of a ray; they are narrower than the marginal plates, but have 
about the same length. Each plate [has a short ambulacral exten- 
sion conforming with the ridge of the ambulacral plates and] bore 
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strong spines, and some of them, preserved on our specimen^ have 
a length greater than the length of a plate. * * ^ 

''The ambulacral plates have their greatest length across the rays, 
thus providing a wide ambulacral furrow. Each plate is furnished 
with a sharp ridge in the middle, that curves slightly outward, from 
the center toward the adambulacral range, increasing in height 
until it approaches or abuts against the adambulacral plate. * * * 
The appearance of having been carved out, which is presented by 
the ambulacral plates, suggested the specific name. [The plates of 
adjoining colimms are opposite one another or slightly alternate.] 

''The dorsal side and madreporiform tubercle unknown." 

Supplementary description. — ^R = 37 mm., r=12 mm., R = 3.1r. 
The specimen is very much flattened and the exact width of a ray 
can not be given but appears to have been about 10 mm. at the base. 

In the axils of the rays the proximal inframarginal plates of adjoin- 
ing rays rest against each other, inside of which are two wedge-shaped 
interbrachial marginal plates. Orad to these and adjoining the pairs 
of proximal adambulacrals (oral armature pieces) is situated a single 
subquadrate ossicle, making three interbrachial maiginal plates in 
each interbrachial area. 

The podial openings in the ambulacral grooves are between the 
sutures of adjoining adambulacral and ambulacral plates along the 
line where these two columns adjoin. The proximal ambulacral 
plates orad to the axial adambulacrals are considerably modified 
and are to be considered as parts of the oral armature. A single 
rather large plate is here partially wedged between the pair of termi- 
nating adambulacrals, and on each end of it abuts a single broadly 
triangular plate, a modified ambulacral, completing the oral ends of 
the ambulacral columns (see drawing, pi. 20, fig. 2). 

FarmaHon arid locality. — ^In the Richmond formation near Waynes- 
ville, Ohio. The holotype and only specimen is in the Harris collec- 
tion of the United States National Museum. 

BemarTcs. — ^This specie^ is near P. spinvhsuSf but apparently had 
wider, shorter, and more rapidly tapering rays. There appear to be 
bul? two interbrachial marginal plates in P. apinuloeusj while P. 
exculptus has three in each area. Should the former species also prove 
to have three plates, a possibility, P. exculptus will be actinally 
identical with P. spinuhsus. The wider and more rapidly tapering 
rays of P. exculptus can then be explained by the fact that the type- 
specimen is considerably distorted, since the adambulacrals and infra- 
marginals now lie wholly outside of the ambulacrals, which are com- 
pletely exposed, an unnatural condition. So long as the abacti- 
nal area of P. exculptus remains unknown the species had best be 
retained. 

Cat. No. 60608, U.S.N J£. 
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FROMOFALAASTBR WTKOFFI (Miller and Ourl^). 

Plate 18, fig. 6; plate 19, fig. 2. 

PaUuuter wyhoffi Miller and Gublet, Bull. No. 12, Illinois State Mus. Nat. 
Hifit., 1897, p. 46, pi. 3, fig. 27. 

Original description. — "Species medium size [R = 26 mm., r =8 mm. 
Width of ray at base 10 mm.] Rays pateliform; length about one 
and a half times the diameter of the body; breadth of a ray at the 
place of junction with the body, about two-thirds the diameter of 
the body; obtusely pointed. 

"Marginal [inframaiginal] plates wider than long and numbering 
about 15 in the length of half an inch from the body [or about 28 
in a complete column]. The [infra] marginal plates curve regularly 
around the tips of the rays. The adambulacral range curves around 
the ends of the rays within the marginal plates and consists of sub- 
quadrate plates, wider than long. They are a little shorter than the 
maiginal plates, so that there are about 18 in the length of half an 
inch [about 35 in a complete column]. There are 10 oral plates [oral 
armature] at the junction of the adambulacral rows, which present 
triangular extensions toward the center of the ventral cavity. A 
single irregular axillary plate rests between the terminal marginal 
plates and the angle formed at the junction of the adambulacral 
plates [this description is inadequate, see beyond for the detail]. 
The ambulacral plates have their greatest length across the rays, 
thus providing a wide ambulacral furrow. Each plate is furnished 
with a sharp ridge in the middle, extending from the middle furrow 
to the adambulacral plates. 

"Our specimen exposes only the ventral side and no spines are 
preserved. It is a well-marked and beautiful species.'' 

Formation avd locality. — ^Found in the Richmond formation " near 
Madison, Indiana, by Charles W. Wykoff, in whose honor we have 
proposed the specific name." The holotype is now in the Gurley 
collection of the University of Chicago (No. 6066). 

ReTnarJcs. — ^Each interbrachial area begins orally with a pair of 
elongate triangular basal adambulacrals (the oral armature pieces) 
distally to which there are two pairs of adjoining adambulacrals 
followed by a single axillary ossicle and usually one but also more 
or less of a second pair of interbrachial marginal plates. P. wyJcoffi 
\s therefore distinguished from P. exculptus in that it has orally to 
the single interbrachial plate two pairs of proximal adambulacrals 
iostead of one as in the last-named species. These differences are 
not decided, and it may eventually be seen when more well-preserved 
material is at hand that they are either individual variations or due 
to differences in age. 
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P. wykoffi also greatly resembles Anorthaster miamiensis, but the 
interbrachial areas in the latter are entirely composed of adambu- 
lacral plates, there being no interbrachial marginals present. While 
both species attained a similar size, another difference is that the 
former has a greater number of plates in the adambulacral and 
inframarginal columns. 

PROMOPALSASTSR DTERI (Me«k). 

Plate 18, fig. 8; i^te 20, figs. S-6; plate 25, fig. 1. 

Palseaster dyeri Meek, Amer. Joum. Sci., ser. 3, vol. 3, 1872, p. 257; Geol. Sixnr. 
Ohio, P&l., vol. 1, 1873, p. 58, pi. 4, figs. 2a-2/. 

Original description {187S). — "Among the specimens loaned to me 
for study and description by Mr. Dyer, there is a very imperfect 
example of one of the laigest known species of Silurian Starfishes. 
When entire, it could scarcely have measured less than 5 inches in 
diameter [R — probably 3 inches, or 75 mm.] across from end to end 
of the rays on opposite sides; and it presents a breadth of disk (as 
flattened by pressure) of about 2 inches [r= probably seven-eighths 
inch, or 22 mm.]. Its state of preservation is, unfortunately, such as 
not to admit of systematic description, but I think enough of its 
character can be given to enable the student to identify it, by the 
additional aid of figures. 

''The dorsal side of both disk and rays is composed of numerous 
small pieces [with stellate extensions], with the pores between them 
apparently so large that these pieces only seem to touch at three to 
four salient points of each, so as to form a kind of reticulated struc- 
ture; while they each bear a little central tubercle, with a minute pit in 
its top for the articulation of small, short [blunt] spines, generally 
about 0.07 to 0.09 inch in length, and about 0.02 to 0.03 inch in 
thickness. [Each plate bears but one of these spines and there appear 
to be no other smaller spines.] 

''In one of the axiUa between two of the rays the sok^ed madri- 
poriform body can be seen near the margin of the disk. It is nearly 
flat, of an obtusely subtrilobate form [probably cruciform], with a 
breadth or transverse diameter of 0.30 inch, and a diameter at right 
angles to the same of 0.24 inch [not less than 10 nun.]. Its lobed 
edge is directed inward toward the middle of the disk, and its middle 
lobe is largest, and shows the little divisions between the slits or 
furrows, diverging and bifurcating inward like the nervation in the 
pinnules of some kind of ferns; while in the smaller lateral lobes these 
markings diverge outward. 

"The ventral side is also much obscured by the adhering matrix, 
and numerous detached and confusedly mingled spines. A row of 
comparatively small, tumid, nearly square [infra] marginal pieces, 
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howeyer, can be seen in places^ on each side of the ambulacral 
furrows, and alternating with a row of similar but slightly smaller 
adambulacral pieces, the number x>f pieces in each side of these being 
about the same. Pii the proximal portion of a ray there are 19 
maiginal plates in 40 mm.]. The marginal pieces seem each to 
connect with the adjacent range of dorsal pieces, at places in the 
rays, by a little central salient point only, while those of both series 
are roughened by numerous comparatively coarse granules [all of 
which bear small spines], and each piece (especially [only] of the 
marginal row) also shows a small central pit for the articulation of 
a spine. These spines are lai^er than those connected with the 
dorsal pieces, being generally about 0.22 inch in length and 0.05 inch 
in thickness; they are smootJi, straight, rounded, slightly thickened at 
the attached end, and tapering at the free end to a slightly blunted 
point. [The adambulacral plates also possess these large spines, 
which are inserted on the distal inner edge of each plate.]" 

In each interbrachial area there are two pairs of wedge-shaped 
pieces and a single diamond-shaped interbrachial marginal plate. 
There are at least 4 /and may be as many as 10) pairs of adam- 
bulacral plates orally or in the actinal interbrachial areas, the terminal 
pair being of the oral armatiu*e. 

Ambulacral plates much wider than long, increasing rapidly in 
width toward the mouth. Each plate is carinated as in P. speci- 
08tL8 and proximally as in P. magnificus, with the podial openings 
confined to the extreme outer edge of the ambulacral furrows. 

Fomuitian and locality. — ^Found at Cincinnati, Ohio, in the Mays- 
ville beds, about 200 feet below the top of the hills. The holotype 
is in the Dyer coUection of the Museiun of Comparative Zoology, 
Harvard University (No. 13) . Another specimen from near the top 
of the Maysville at Ciincinnati, preserving only the disk and showing 
best the actinal area, is in the Gurley collection of the University 
of CHcago (No. 10989) . Originally this individual appears to have 
been larger than the holotype. 

Remarks. — ^The relationship of this species is with P. spinvlosuSf 
but the larger size, greater development of both dorsal and ventral 
spines, absence of columnar arrangement of the abactinal plates, 
and the presence of five instead of two or three interbrachial marginal 
plates will readily separate P. dyeri from the latter species. Even 
though this form appears to have attained a larger growth than 
P. magnijicus, which it resembles in some characters, it differs in 
being more ponderous in its skeleton and in the far stouter and 
longer actinal spines. 

Regarding the generic position of Palaea^ter dyeri, Meek wrote: 

"Possibly I should have called it Petraster dyeri, for if the apparent 
presence of a few disk plates on the ventral side between the mar- 



122 BULLETIN 88, UNITED STATES NATIONAL MUSEUM. 

ginal pieces and the adambulacral, is not deceptive, it would, in 
that respect, conform to the structure of that group, and differ 
from PabeaMerf as now understood; though I am inclined to think 
this appearance due to the accidental displacement of the parts at 
the point where there are some indications of a few disk pieces." 
These pieces are not to be correlated with the accessory interbrachial 
plates of PetraMer, for in this genus accessory plates consist of two 
short columns situated between the adambulacral and marginal 
plates and tmiting in the axillary areas. In P. dyeri, however, the 
four interbrachial marginal plates are continuous with the infrar 
marginal columns and evidently were derived from that series, 
and are not accessory interbrachials. It is true that all interbrachial 
plates increase the size of the disk, but in one they are derived from 
the inframarginal series by crowding and in the other they are 
interpolated, newly developed plates that force apart the columns 
of plates in the rays sometimes almost to the distal ends. 

PROMOPAUBASTBR MAGNIFICUS (BCffiar). 

Plate 21, fig. 1; plate 22, ^. 1; plate 23, figs. 1-3. 

Palssaster magnificus Millbb, Joum. Cinciniiati Soc. Nat. Hut., vol. 7, 1884, 
p. 16, pi. 4, figs. 3, 3a. 

Original description. — "The diameter or breadth of the disk is 
one and one-fourth inches, and the distance from the point of one 
ray to the point of the opposite one, if the rays were wholly preserved 
in the specimen under examination, would be fully 6 inches. * * * 

"The plates upon the dorsal side are very convex, and part of 
them, at least, were spine-bearing, though it would seem that there 
was not more than one spine upon any single plate. The arrange- 
ment of the plates on the dorsal side of the rays is very ornamental. 
A single series of highly convex or conical plates, larger than the 
others, and each evidently bearing a central spine, occupies the 
middle of each ray; on either side near the margin of each ray there 
is a similar series, and the two intervening spaces are filled with 
smaller, convex plates arranged in rows which are directed diagonally 
forward from the plates of the side series to the plates of the central 
series, forming angles with each plate in the central series occupying 
an angle. This disposition of the plates on the dorsal side of the 
rays will, so far as known, serve to distinguish this species from any 
hitherto described. 

"The plates covering the dorsal side of the body or disk have been 
so much disturbed in our specimen that one can not correctly define 
them. 

"The ambulacral furrows are wide. The marginal plates are 
hexagonal, about the size of the larger plates on the dorsal side of 
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the rajB| and separated from the side series by intervening smaller 
plates. Each bore several small spines, as shown by the small pits 
for their articulation. * * * 

"The adambulacral plates are hexagonal and much wider than 
long. They are more numerous than the marginal plates near the 
disky but toward. the apices of the rays they interlock alternately 
with the marginal plates. The number on each side of a furrow in 
a complete ray would be 50 or more. The pits for the articulation 
of the spines are as numerous as they are on the marginal plates. 
These two series on the ventral side of the species, with numerous 
spines upon each plate, are in striking contrast with the plates on 
the dorsal side of the rays, where no plate bears more than a single 
spine. 

"The ambulacral plates have their greatest length across the 
rays, and seem to be about as numerous as the adambulacral ones. 
An angular depression marks the center of each ambulacral furrow, 
upon each side of which a sharp ridge arises upon each ambulacral 
plate, and curving forward and outward abuts against an adambula- 
cral plate.'' 

Emended description. — ^The largest specimen, the holotype, meas- 
ures R » (about) 67 mm., r= 17 mm., R = nearly 4r. Another speci- 
men: R»58 mm., r=15 mm., R=nearly 4r. 

Abactinal surface very ornamental. Medially along each ray there 
is a radial column of highly convex plates, and two columns of similar 
plates, the supramarginaJs, are situated near the margin. Between 
the inframarginal, supramarginal,- and radial colunms are very nu- 
merous diagonal rows of smaller conical or angular plates, from 2 at 
the apex of the ray to 14 at base of same in each row on each side of 
the radial column. This may be stated in another way. Between 
the radial and supramarginal columns and again in the ambital area, 
or between the supramarginals and inframaj^inals, the diagonal rows 
have from one to seven plates in each area. These rows are directed 
diagonally and distally across the rays from the sides to the median 
colimm, the apex of the angle thus formed being occupied by the 
larger plates of the radial column. All of these smaller plates appar- 
ently bore a single short spine. Between all of the diagonal rows 
are inserted both proximally and distally numerous minute, conical, 
irr^ular-shaped plates. The supramai^inal columns continue across 
the disk and those of adjoining rays unite in the axillary areas. The 
radial columns also extend over the disk but do not attain the center, 
and the diagonal arrangement of the small plates ceases near the 
proximal portion of the rays. The pattern arrangement of the disk 
plates can not be made out since their original position is disturbed. 

Madreporite quite large, quadri-lobate in outline, depressed, convex 
and very finely radiately striate. It is situated in one of the axillary 
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areas, less than 4 mm. from the margin. Against it rest two oolunms 
of supramaxginal plates. 

The inframaxginal plates, of which there are at least 45 in each 
column, are distally small and subquadrate but proximally increase 
rapidly in size and at the base of the columns are three to four times 
as wide as long. These plates bear numerous pitted pustules upon 
which articulated short, sharp, smooth spines. The columns of ad- 
joining rays meet in the axils and continue into the interbrachial 
areas. 

The adambulacral plates are Uke the ioframarginals but do not 
increase so rapidly in width as those plates and are somewhat more 
numerous, there being in a complete ray about 52 in a column. 
Proximally some of the large plates are broken into two or three 
often very convex ossicles. In addition to the small spines like those 
of the inframarginals, each plate bears on its ambulacral edge a prom- 
inent socket in which articulated a long, thick, smooth spine. The 
adambulacral plates in the proximal third of the rays each have a 
smaU, more or less wedge-shaped, carinated, accessory adambulacral 
plate. In this region these ossicles separate the adambulacrals from 
the ambulacrals and beneath the accessory adambulacral plates are 
the podial openings. Five or six adambulacral plates of each column 
abut against the interbrachial marginal plates, while five or six pairs 
continue orally, the terminating pieces being of the oral armature. 

Ambulacral furrows wide, increasing in width proximally. An 
angular median sinus marks each ambulacral furrow. Ambulacral 
plates short but wide, slightly overlapping proximally, and one to 
each adambulacral plate. All of the plates are strongly carinated, 
the carina in the distal two-thirds converging medially and proximally. 
In the proximal third the carinsB gradually are changed in form and 
are there arranged in forked pairs. In other words, the carinao adjoin 
the accessory adambulacrals, are arranged in pairs, continuing ad- 
joining and straight for a short distance, and then diverge in broad 
curves, terminating near the center of the ambulacral groove. This 
arrangement produces in the proximal portion of the ambulacral 
furrows four columns of ovoid pits, all terminating laterally into 
podial openings. Every other podial opening belongs to the same 
column, one series beneath the adambulacrals, the other gradually 
passing medially in the ambulacral grooves. In the distal two-thirds, 
however, the podial openings are arranged in single columns, one to 
each ambulacral plate and issuing from underneath the adambulacrals. 

Interbrachial areas with seven plates, each composed of two prox- 
imal inframarginals, beneath which are two pairs of interbrachial 
marginals and a single diamond-shaped axillary marginal plate. All 
bear similar spines and ornamentation on the inframarginals. Some- 
times one of the distal interbrachial marginals may be divided and 
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the arrangement of the interbrachial plates made irregular. In a 
specimen from Jefferson County, Indiana, there are 3 pairs of inter- 
brachial marginals instead of 2 as in the Ohio individuals. There- 
fore there are also more adambulacrals here, 14 pairs against 10 in 
the typical specimens. 

Farmatian arid locality. — ^Two free specimens of this magnificent 
starfish were found in the Richmond formation near WaynesviUe, 
Ohio. Originally pieces of these two individuals were glued together 
as one specimen, which is the cause of our figures being less perfect 
than Mr. Miller's. Fragments of seven other individuals were found 
in the vicinity of WaynesviUe. In the University of Chicago col- 
lection (No. 10981) there is a specimen from Jefferson County, 
Indiana, apparently of this species. Mr. Vaupel secured the distal 
portion of a ray of an apparently young example of this species in 
the MaysviUe beds on Rohs HiU, Cincinnati, Ohio, and Mr. Ulrich 
has fragments of four individuals from the Maysville strata about 
Cincinnati, and Covington, E^entucky. 

Remarks. — ^This species is readily separated from the other species 
of Promopalseaster by the marked diagonal rows of abactinal plates. 
Actinally P. magnijicus is readily distinguished from P. exculpius and 
P. spino8tL8 in having five instead of three interbrachial marginal 
plates in each area, in the rapidly increasing size of the plates in the 
inframarginal and adambulacral columns, and in the proximal am- 
bulacral plates. P. apedoaus differs at once from P. nuignificus in that 
its abactinal plates are arranged in regular longitudinal colimms, 
are far less nimierous, larger and are all nearly of a size. 

This is one of the largest and best preserved of American Paleozoic 
starfishes. P. dyeri may be a larger species but is distinguished abac- 
tinally not only by the arrangement and difference in the forms of 
the plates but ako by the short, thick, blunt spines which now ap- 
pear to have no definite arrangement, while P. rimgnificus has all of 
its very fine spines arranged in diagonal rows hke the plates. 

Cat. Nos. 40883, 60621, 60622, U.S.N.M. 

jftLN'OXl'rilA.STKRIN-aK, new sub&xnilsr. 

Aberrant PromopalaBasteridsB with the axillary and interbrachial 
areas composed entirely of adambulacral pieces. 
Contains: 
Anorihagter, 

ANORTHASTER, new genus. 
Plate 13, fig. 4; plate 20, fig. 1. 
AnorthatUr Schuchbrt, Foasiliuin Gatalogus, Animalla, pt. 3, April, 1914, p. 11. 

A +orthos+ aster = out of the regular, in reference to the completely 
adambulacral nature of the interbrachial areas. 
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Generic characters. — ^Disk smally with apparently small interbrachial 
arcs. Rays fivei of moderate length and tapering at. first slowly 
and then rapidly distally. 

Abactinal area unknown. 

Inframargmal plates small, the columns not attaining the axils, 
but resting upon the second enlarged axillary adambulacral plate. 

Adambulacral plates distally Uke the inframai^inals, increasing 
in size slowly proximally until near the axillary region, where four 
plates suddenly attain great width, terminating in the axils of the 
rays and here suppressing the inframarginal plates. Eight inter- 
brachial adambulacrak of varying form are situated oraUy to the two 
large axiUary adambulacral plates, and at first give one the impression 
of slender interbrachial areas of the same nature as in Pramopalseaster. 
These plates, however, are not interbrachial marginals, as in other 
genera, and derived by the oral crowding of proximal inframarginals. 
They are distinctly adambulacral ossicles, forming slight interbrachial 
areas, and, with the axillary adambulacrals, form small arcs. For the 
shape and position of these plates see figure 1, plate 20. 

Ambulacral plates alternating, slightly carinated, and very short 
but wide. In the distal region they are as long as the adambulacral 
plates, but proximally decrease in length where there are nearly two 
of them to one adambulacral ossicle. Podial openings between every 
other plate through the sutures of adjoining pieces at their outer 
edge and immediately beneath the inner edge of the adambulacral 
ossicles. The proximal plates of each column are modified into oral 
armature pieces that are slightly tumid, as long as wide, and sub- 
triangular in outline. Between the proximal ambulacrals and orad 
to the proximal interbrachial adambulacrals are situated additional 
single, very small, quadrangular oral armature plates. 

GenoJiolotype and ordy species. — Palaea^er miamiensis Miller. 

Distribution. — Ordovicic, Richmond formation, near WaynesviUe, 
Ohio. 

BemarJcs. — ^The suppression of the inframarginal plates in the axils 
of the rays by two of the adambulacral plates of each column and 
the oral continuation beneath the latter of four pairs of adambulacral 
plates holding an interbrachial position distinguish this genus 
iTOiaPromopdlseaster, to which it otherwise seems very closely related. 
This character also distinguishes it from all other associated genera. 

The interbrachial structure of Anorthxister appears abnormal. In 
MesopaUeaster and Promopalxaster the proximal inframarginal plates 
are crowded orally and form interbrachial areas; in Anorthaster their 
formation is effected in the opposite way, not by the inframarginals^ 
but by the adambulacrals. This character is seen in a single speci- 
men, butit is so regularly developed and well preserved as to indicate 
a normal and not a pathologic or abnormal condition. 
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AKORT&ASTBR MTAMntNSIS (Iffflter). 

Plate 13, fig. 4; plate 20, fig. 1. 

Palmaster miamientis MnxBR, Jbum. Gmcinnati Soc. Nat. Hist., vol. 3, 1880, 
p. 143, pi. 4, ^. 3. 

Original description. — ^''Pentagonal; rays about one and a half 
times the diameter of the body, or about nine-tenths of an inch; 
diameter of the body about six-tenths of an inch; breadth of a ray 
at the point of junction with the body a Utile more than half the 
diameter of the body, or about seven-twentieths of an inch; rays 
obtusely pointed. 

''Marginal plates wider than long, and numbering about 12 in 
the length of half an inch from the body. Two marginal plates 
form the junction of the rays. Ambulacral furrow wide, the plates 
being more than twice as long as wide. There are about 18 ambu- 
lacral plates in a length of one-half inch, and each one is provided 
with an angular ridge taperingfrom the maiginal plates to the furrow." 

Emended description. — R « 23 nam., r « 7 nam., R « 3.2r. Width of 
rays at base 8 mm. 

Rays tapering very slowly in the proximal half, but more rapidly 
distally. 

Abactinal area unknown. 

Inframarginal plates about 16 in each column and subquadrangular 
in outline. These ossicles do not continue into the axils, but rest 
upon the second large axillary adambulacral plate. 

Adambulacral plates about 18 in each colunm, like the infra- 
marginal pieces, increasing in size proxunally, while the two axillary 
ones are suddenly enlarged, extend to the margin of the disk, and have 
the position of marginal ossicles. Orally to the latter the adambu- 
lacral plates continue as interbrachial ossicles. The distal pair is 
large and both are wedge-shaped, followed by two pairs of quite 
small quadrangular plates and a final pair of long and narrow plates; 
in all there are, therefore, 22 adambulacral plates in each column. 
The interbrachial adambulacral plates are terminated by a single 
quadrangular oral plate wedged in between the proximal ambu- 
lacrals. 

Ambulacral furrows very wide, broadly gutter-shaped. Ambu- 
lacral plates about 30 in a column, slightly alternating, decidedly 
wider than long proximally, increasing in length distally, and finally 
becoming about as wide as long near the apex of a ray. Each plate 
is slightly carinated, the ridges crossing the plates from the lateral 
distal edge to the medial proximal edge. The proximal ambulacral 
plates are modified, conspicuous, and subtriangular in outline. 
Podial openings between two adjoining plates in alternate sutures at 
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their extreme outer edges and immediately inside of the adambu- 
lacral plates. 

F(rrmalti(m and locality. — In the Richmond formation, near Waynes- 
ville, in Montgomery County, Ohio. The holotype is in the Harris 
collection of the United States National Museum. 

Remarks. — ^This species has a general resemblance to some of the 
Promopalseasters, particularly P. heUulus and P. wyJcoffi, * but the 
peculiar arrangement of the axillary and interbrachial adambulacral 
plates will distinguish it not only from them but from all other 
Ordovicic asterids. 

Cat. No. 40880, U.S.N.M. 

Family XENASTERIDJE Schondorf . 

Xenasteridx Gregory, Geol. Mag., dec. 4, voL 6, 1899, p. 346; Treat. 2k)oL, vol. 3, 

Echinoderma, 1900, p. 250. 
PalxgonUuteridx StOrtz, Palseontographica, vol. 36, 1890, p. 247 (not opp. 246). 
Xenasteridx Schondorf, Palseontographica, vol. 56, 1909, p. 105; Jahrb. naaeau- 

iflch. Ver. Naturk., Wiesbaden, vol. 62, 1909, p. 25; vol. 63, 1910, pp. 244, 250. 

Progressive Phanerozonia having the general characters of the 
Promopalaeasterinae, with the addition of accessory interbrachials. 
The ambulacral and adambulacral plates are directly opposite one 
another and do not waver between the slightly alternate and opposite 
arranglBment in the Promopalseasterinse. Podial openings in two 
columns in each ambulacral furrow, the apertures lying between 
each four adjoining plates, that is, between two adambulacrals and 
two ambulacrals. 

Contains : 
Xenaster Simonovitsch. 
Agahrvaster Schondorf. 
Ehenaater Schondorf. 
Eifdaster Sch6ndorf . 
Trimeraster Schondorf. 

Schondorf defines the family as follows Geaving out much of Us 
detail) : 

Lower Devonic starfishes with well-developed supramarginak and 
usually stilllargerinframarginals ; the latter aresomewhat more numer- 
ous than the former, causing them to be unequally superposed. Ambu- 
lacra opposite one another and opposite the adambulacrals; podial 
openings in two rows. Actinally each interradius has either three or 
five interbrachial plates; abactinally this area is filled with small 
accessory plates and margined only by inf ramarginals. Disk skeleton 
consisting of small separated pieces, a central disk plate, five primaiy 
radialia, five primary interradialia, and more or less of accessory disk 
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06sid€B. Rays with three cohmms of plates, one radial and two 
Bupramarginaly that may or may not be separated from one another 
by small accessory pieces. Madreporite dorsal and interradial. 

Genus X£N ASTER Simonovitsch emend. Schdndorf. 

Plate 2^ 

Ardueatieriaa MttiXEB, Yerli. naturh. Ver. preuss. Rheiiil.,etc.,vol. 12, 1855, pp. 
6, 8 (Arduuutenas founded in error). 

Xeruuter SmoNoyrrecH, Sitsb. mat.-naturw. Glaase Akad. Wias., Wien. vol. 64, 
Abt. 1, 1871, p. 88. — ScHdNDOBF, Palseontogiaphica, vol. 56, 1909, pp. 42, 
105 (complete synonymy given here); Jahrb.nasBauisch. Ver. Naturk., Wies- 
baden, vol. 62, 1909, p. 26. 

Generic characters. — Xenaster has its nearest relationship in 
Devanaeter. No detailed description need be given, since the splendid 
illustrations of Sch5ndorf give all the necessary characters. It 
differs from Deoanaater as follows: 

In Devonaster there is but a single interbrachial plate in each 
actinal axil, the axillary interbrachial, while in Xenaster there are 
two pairs of interbrachial margmals and a single axillary inter- 
brachial plate; in other words, five interbrachial platds instead of 
one (1+2+2). In addition to these plates in Xenaster, the interbra- 
chials are more or less surrounded by small accessory pieces, and then 
other similar plates separate the inf ramarginal and adambulacral col- 
umns to near the outer third of the rays. The inf ramarginal plates in 
Xenaster do not increase so rapidly in width proximally as do these 
plates in Devonaster, and while the interbrachial areas are of about 
the same size in both genera, the space occupied by the additional 
mterbrachial marginal and accessory interbrachial ossicles in the 
former is taken up in the latter genus by the increased size of the 
inframarginal pieces. 

Abactinally Xenaster has the generic characters of Devonaster. 
The plates in all the columns of the former genus are more prominent 
and rounder, particularly the accessory plates, of which there appear 
to be less than in Xenaster. The center of the disk in both genera 
is occupied by a small central disk plate, but there are many more 
accessory plates around it in Devonaster than in Xenaster. In both 
genera the supramarginal columns converge proximally, producing 
Email disk areas between the infra- and supramarginal plates occu- 
pied by ambital accessory plates. 

Madreporite large and striate in Xenaster. 
I Oenotype. — X. margarUatus Simonovitsch. 
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Distribution. — Restricted to the Lower Devonic of Germany. 
The species are: 

X. margaritatas Simonovitsch. 

X. dispar Schondorf . 

X. degans Schondorf. 

X. (f) rhenanus (MuUer). 
Remarks. — ^Mtiller in his description of Asterias rhenana,^ the geno- 
type of Archxasterias, notes that the adambulacral plates of adjoining 
columns alternate and that the ambulacral columns ''have the appear- 
ance also of alternating/' which if established would be very remark- 
able; and would justify the creation of a distinct genus Arilueasterias 
for this asterid of the Ehine grauwacke. Schondorf shows that 
these statements of Muller's are very faulty and further that the 
genus Archseasterias has not been defined so as to be recognizable. 
Under these circumstances it was best for Simonovitsch to disre- 
gard Archaedsterias and to establish a new generic name for his species 
margariMus. There is no Paleozoic genus of starfishes better 
described or illustrated than this one by Simonovitsch, and should 
it ever prove that Asterias rheruma Mdller is identical with Xemster 
margaritaius, a possibility, the latter should not be made to give 
way to the former on the ground of priority. It is an injustice to 
extend the law of priority indiscriminately to all work, and to reject 
Archseasterias is no reflection on the work of MQller, as his material 
was very poor and his work of early date in paleontology. He pub- 
lished at a time when it was very desirable to learn anything what- 
ever about Paleozoic starfishes. 

As pointed out above, Xeruister has much of the structure of 
Devcmaster, yet it differs in the important character of having 
nimierous accessory interbrachial plates. This feature seemingly 
relates it with forms like PdUisterirui which have a great abundance 
of accessory interbrachials, yet in no interbrachial area of this genus 
are there axillary interbrachials or interbrachial marginals. In other 
words, the Palasterina type of disk is made by the intercalation of 
accessory plates between the inframarginals and adambulacrab, 
whereas in Devonaster it is accomplished by the greater width of the 
inframarginals and by the oral crowding of a plate which in primitive 
forms is an axillary marginal. Devonaster although from younger 
strata is more primitive than Xenaster because of its simpler inter- 
brachial actinal structure. If it were not for the accessory inter- 
brachials, Xenaster would be closely related to PromopalsBaster which 
also has a number of proximal inframarginals crowded into the inter- 
brachial areas. It is the PromopalsMLster stock out of which Xenaster 
probably developed, while Dewmaster apparently came through 
MesoTpalaeaster. 

1 Virh. saliirh. V«r. ynam. BbelxiL, «to., voL 1^ 1865, pp. t, a. 
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XBNASTBR ICAROAKITATUS SlUMiiovfltKb anand. Schtadint 

Plate 24, figs. 1,2. 

Xenoiter margarUaius (part) Sxhonovitsch, Sitzb. mat.-natunr. Claase Akad. 
Win., Wien, vol. 64, Abt. 1, 1871, p. 88, pis. 1, 2. — Sch5ndobf, Paleeon- 
tognpMca, vol. 56, 1909, pp. 43, 106, pi. 7, figs. 1, 3, 4; pi. 8, fig. 1; pi. 11, 
figB. 2, 3, 10, 11 (complete synonymy given here); Jahrb. nasBauiscli. Ver. 
Naturk., Wiesbaden, vol. 62, 1909, p. 26, pi. 2, figs. 1, 2.— Spekceb, Mon. 
Biit. Pal. AsteroEoa, pt. 1 (Palseontogr. Soc. for 1913), 1914, p. 30. 

This species is one of the best described and illustrated of Paleozoic 
starfishes and does credit to its author, and to its subsequent reviser, 
Schondorf. It occurs rarely in the Lower Devonic (Upper Coblen- 
zian) as natural molds at Niederlahnstein on the Rhine, Germany. 

XSNASXm DISPAR SchOndocL 

XeruuUr margarUatus (part) Sdconovitsch, Sitzb. mat.-naturv. Claase Akad. 

WisB., Wien, vol. 64, 1871, Abt. 1, pi. 2, figs. 2, 2a, 26. 
XenoMter dispar ScHdNDORF, PalsBontographica, vol. 56, 1909, pp. 50, 84, 106, 

pi. 9, ^, 1; pi. 11, fig. 13; Jahrb. naasauisch. Ver. Naturk., Wiesbaden, vol. 

62, 1909, p. 28, pi. 3, fig. 3. 

From the Upper Cohlenzian at Niederlahnstein, and Miellen, 
Germany. 

ZSNA8TER BUEOANS Scfaflndoit 

XenasUr margarUatus Folucann (not Simonovitsch), Jahrb. naturh. Ver. preuss. 

Rheinl., etc., vol. 48, 1891, p. 150. 
Xencuter elegans Sch5ndobf, Palseontographica, vol. 56, 1909, pp. 53, 107, pi. 9, 

figs. 2, 3; pi. 11, figs. 4, 12; Jahrb. naasauisch. Ver. Naturk., Wiesbaden, vol. 

62, 1909, p. 40, pi. 4, figs. 6, 7. 

From the Lower Devonic (Coblenz quartzite) at KOnigstuhl, near 
Rhens, Germany. 

XSNASXm (?) SHBNANUS (Mflltor). 

Agtenas (Arthseoiterku) rheruma Mt^LLBR, Verb, naturh. Ver. preuss. Bheinl., 

etc., vol. 12, 1865, p. 6, pi. 1, figs. 4-6. 
Xenaster (7) rhenana Sch5ndorf, Palseontographica, vol. 56, 1909, pp. 55, 107, 

text ^. 2 (complete synonymy given here); Jahrb. nassauisch. Ver. Naturk., 

Wiesbaden, vol. 62, 1909, p. 28. 

This species is hased upon incomplete material and can not be 
made out fully. It seems probable that it is a species of Xenaster 
and closely related to X. margariUUus Simonovitsch. The examples 
are in the Berlin Museum and were found in the Lower Devonic at 
^Vinningen, near Coblenz, and Kemmenau, near Ems, Germany. 

Genus AGALMASTER Schondorf. 

Text fig. 9. 

Agalnuutar Sch5ndorf, Palseontogiaphica, vol. 56, 1909, pp. 58, 107; Jahrb. 
naaaauiach. Ver. Naturk., Wiesbaden, vol. 62, 1909, p. 29. 

Original remarks. — Agalmaster differs from Xenaster in the following 
characters: Forms larger, broader rayed, with flat actinal but highly 
arched abactinal plates. Supramarginals much stronger than the 
large inframarginals and projecting considerably beyond these. 
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Abactinal interbrachial area small, and occupied in the main hy two 
axillary inframarginals; actinally this area has the Bame Btnicture as 
Xenaster. Madreporite dorsal. 

Genoholotype (the writer here selecta the first species). — A. mid- 
lensis Schdndorf. Other species are A. graniia Schdndorf and A. 
iviermediv.8 Schondorf, both from the Xiower Devonic ot Germany. 

Remarks. — The only 
character that may be 
of generic value and 
l^t at present distin- 
guishes Agahnof^er h-om 
Xenaster is that in the 
former genus the supra- 
mai^;inals margin the 
rays instead of the in- 
framarginals, as is the 
case in the latter genus. 
In a second species {A. 
grandis) the small ac- 
cessory interbrachial 9 
crowd in between oQ the 
pairs of interbrachial 
marginals and, further, 
there are far more of 
' these pieces between 
the inframai^inals and 
adambulacrals; in fact, there are three to four colunms of these in- 
stead of one (as in A. mieUensis). 

AOALMASrXR MISLLXITSIS ScUndBit 

Text fig. 9. 

Agalmiuler mullensia SchSndohf, Palsontographica, vol. 56, 1909, pp. 68, 107, 

text Sg. 3; pi. 8. fig. 4; pi. 9, fig. 4; pi. 11, figs. 1, 6; Jahrb. mueauiach. Ver. 

Naturk., Wiesbaden, vol. 62, 1909, p. 29, pi. 3, fig. 2; pi. 4, figs. 1, 2. 

A single specimen with the rays about 43 mm. long was found in the 

Lower Devonic (Upper Coblenzian) at Miellen-on-the-Labn, Germany. 

AOALMASTER ORAITDIS SctabidaiL 

XeruuUr mafganlatvi Siuokovitbch (part), Sitsb. mst.-OBturw. ClaaBB Akad. 
WiflB., Wien, vol. G4, Abt. 1, 1871, pi. 2, figs. 3, 3a. 
• AgalnuuUr grandii Schondorf, Falfcontogiaphica, vol. 56, 1909, pp. 62, 106, 
pi. 9, fig. S; Jahrb. naasauisch. Ver. Naturk., 'Rleabadeti, vol. 62, 1909, p. !9, 
pi. 3, fig. 1. 
One specimen {Xenaster margariiatus Simonoidtsch, part) from 
the Lower Devonic (Upper Coblenzian) at NiederUhnstein on the 
Rhine, Germany. 
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AOAIMASTSS INTXItMEDinS Schfeidml. 

Jfolmafbr mUrmtdmi SchOniwbf, PalteontogTEiphica, vol. 66, 1909, pp. 82, 
108, pi. 11, fig. 14; Jahib. nMMuisch. Ver. Naturk., Wieeboden, vol. 62, 
1IK», p. 30. 

From the Upper Coblenzian at Miellea-OD-the-Lahn, Genoajiy. 
Genus RHENASTER Schandorf. 
Text fig. 10. 
FhtnatUT ScKtiNDOKT, PaleoaU^niphica, vol. 56, 1909, pp. 65, 108, pi. 8, fig. 3; 
pi. 10, figs. 1,4. 

Remarks.— RkeTuigter is a small form and differs from Xenaater, 
Ag<dmaat(T, and VevonasUr in the complete absence of all abactmal 
accessory plates, allow- 
ing the radial and supra- 
marginal pieces to ad- 
join one another closely. 
Dois&l axillary disk 
areas not completely 
but almost absent, 
supramai^inals in the 
main lying wholly upon 
the infranuuginals and 
the two columns of 
plates together mail- 
ing the rays. There 
also are no accessory 
plates of any kind on 

the actinal side. Other- "^"'^^^^^^^^^J:^ 
wise the generic struc- 
ture is that of Xenoster, except that in Bhenaster the first pair of 
interbrachial marginals are not yet pushed so much orally and th^ 
almost take part in mar^ning the axils. Madreporite unknown. 

GenoholfOtype and only spedea (one specimen). — B. sehwerdi SchSor- 
dorf, from the Lower Devonic (Upper Coblenzian) at Dorrbachtal, 
near Coblenz, Germany. 

Genus EIFELASTER SchSndorf. 
E^iioMter SchSndobt, Palgeontographica, vol. 56, 1909, pp. 70, 108, pi. 10, 6fft. 
7,8. 
RemarlcB. — This genus is very closely related to RJtenaster and 
differs only in that there are small dorsal interbrachial areas between 
the adjoining proximal portions of the supramarginal columns, and 
these are filled with a small number of accessory ambital pieces. 
The outer portion of these ambital areas is made up of the two basal 
inframai^nslB that occupy the axils of the ventral side. 
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The genoholotype and only species, E. foUmannif occurs in the 
Lower Devonic (Lower Cohlenzian) at Lajidscheid, near Witttich, 
in the Eifel, Oermanj. Plastotypes of the holotype were made for 
the writer by Professor Jaekel, of Greifswald, and these are now in 
the Yale University collection. 

Genus TRIMERASTER Schondorf. 

Plate 19, fig. 1. 

Tnmeratter SghOndorf, Pakeontogtaphica, vol. 56, 1909, pp. 68, 108, pi. 7, 
fig. 2; pi. 10, figs. 5, 6. 

Bemarka. — Trimeraster is a small form, very closdy related to 
XenaMer, and can be distinguished generically only in that the former 
has inside of the inframarginals but one pair of interbrachial margi- 
nals and a single axillary interbrachial in each interbrachial field 
instead of the five plates of the latter genus. 

Oendholotyfe and only species (one specimen). — T. parwlus Schon- 
dorf, from the Lower Deyonic (Coblenz quartzite) at Kdnigstuhl, 
near Rhens, Rhine Valley, Oermany. 

NEOPALiEASTERIDiE, new family. 

Progressive Phanerozonia without interbrachial arcs. The colunms 
of supra- and inframarginal plates wholly superposed. Madreporite 
abactinal. Well-developed ocular plates present. Ambulacrals alter- 
nating. Disk with a ring of large plates of basal, radial, and inter- 
radial ossicles. 

Contains : 

NeopalsMLsteTf new genus. 

The origin of this family is uncertain, but it seems to be related to 
the PromopakeaBterid®, since its essential characters are those of the 
MesopalffiasterinsB. In the latter the supramarginals do not com- 
pletely overlie the inframarginals making one consolidated column as 
in Neopalseaster. It is, so far as known, the oldest family developing 
ocular plates. This fact is of considerable importance for it means 
that the oculars were originally basal radialia, and that they have 
progressively wandered from the disk and then remained at the tip 
of the rays. 

NEOPAL^ASTER, new genus. 

Plate 13, fig. 6; pi. 23, fig. 4. 

NeopalmoiterScBXJCHsnTf FoBsiliumCatalogiis, Animalia, pt. 3, April, 1914, p. 26. 

Generic characters. — ^Disk of medium size, without interbr'achial 
arcs. Rays five, short and tapering rapidly. 

Abactinally the disk has a small central plate surrounded by 
numerous smaller plates. Bounding the smaller accessory disk 
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plates is a ring of very large, thick, tumid, variously shaped, radial 
and interradial plates. Of the latter there may be one plate inside 
of the basal supramarginals of adjoining colunms, or this plate may 
be divided, when the pieces appear as inwardly crowded supramar- 
ginals. Laterally and distally upon the interradials are situated the 
large basal radial plates. The rays are bounded laterally by columns 
of large, thick, subquadrate, tubercular supramarginals terminated dis- 
tally by single ocidar plates. These plates appear to be conmion to 
both the actinal and abactinal areas and must ^eref ore be the united 
infra- and supramarginal columns. Between the supramarginals dis- 
tally appear single small isolated plates which proximally become 
larger and continuous, forming an inconspicuous colunm of radial 
ossicles. On each side of this column are inserted a number of appar- 
ently irregularly arranged small accessory plates which are like those 
of the disk. All of the plates of the abactinal area are finely tuber- 
culose, these points being for the attachment of very fine, short spines. 

Madreporite small, rounded, not very convex, very finely radially 
striated and resting directly upon two basal supramarginal plates of 
adjoining rays. 

Ocular plates small but distinct, one terminating each ray and rest- 
ing against the distal marginal plates. 

Supra- and inframarginal plates large and conspicuous, apparently 
firmly united and indistinguishable laterally as separate columns. 
Abactinally the supramarginal plates are wider and overlie more or 
less the adambulacrals. 

Adambulacrals smaller than the inframarginals but otherwise 
resemble the latter. 

Ambulacral grooves narrow. Ambulacral plates alternating, about 
as numerous as the adambulacrals, k — shaped, with the podial open- 
ings between adjoining plates. 

An other actinal characters unknown. 

GeTioholoiype and ordy Jenovm species. — P(dseaster crnvrfordsviUensis 
Miller. From the Keokuk crinid beds near Crawf ordsville, Indiana. 

Remarks. — Neopalseaster retains a very primitive abactinal plate 
structture and calls to mind Hvdsaruister, PdlsBaMer, and typical 
MesopalaecLster. It is distinguished from these early Paleozoic genera 
by the complete consohdation of the suprsr- and inframarginal plates 
into one column, and the presence of ocidar plates. The inter- 
brachial area is unknown in Neopcilseaster, but its abactinal structure 
seems to indicate a single interbrachial plate in each area bounded 
distally by two basal inframarginal plat^. If this interpretation is 
correct, then this character will further distinguish Neopalseaster from 
Hvdsonasier and P(dseaster. 



136 BULLETIN 88, UNITED STATES NATIONAL MUSEUM. 

NBOPAUBASTBR CRAWFORDSVILLENSIS (Milter). 

Plate 13, fig. 5; plate 23, fig. 4. 

Palsuuter crawfordsvillenna Miller, Joum. Cinciimati Soc. Nat. Hist., vol. 2, 
1880, p. 256, pi. 15, ^, 3; N. Amer. Geol. Pal., 1889, p. 265, fig. 379. 

Original description, — ^''This species is founded upon the dorsal 
view of a single specimen. The rays are longer than the diameter of 
the body, and not of uniform size. They are flattened or depressed 
in the middle, as is also the central part of the body. Many of the 
plates possess a central tubercle or smaU spine, and probably all of 
them did. 

''The marginal plates are large, somewhat elliptical in outline, and 
have their shorter diameters in the direction of the length of the 
rays. There are about 12 plates on each side of a ray, and they 
come together at about the eighth plate from the body, though in 
the ray opposite the madreporif orm tubercle they come together at 
the seventh. The space between the marginal plates of each ray 
is filled with smaller plates; three of these unite the larger plates at 
the body, but they diminish in number toward the apex of the ray, 
and cease at the eighth plate. In addition to the two large plates 
.which form the junction of the rays with the body, a few large plates 
coyer the outer part while the central part is covered by smaller 
plates. The madreporiform tubercle is supported by three plates, 
two of them are large marginal plates, which form a junction between 
two rays, and the other is a large plate within, forming part of the 
covering of the body." 

Emended description. — ^The type-specimen measures: R»22 mm., 
r=7 mm., R=3.1r. Width of rays at base 7 mm. Another speci- 
men in the Museum of Comparative Zoology has rays 3 mm. longer. 

Rays short, tapering rapidly. Disk rather laige for a small species. 

Abactinally the disk has a central circular plate surrounded by 
numerous small, conical, irregularly disposed, accessory plates, among 
which are a few larger pieces usually adjacent to the large interradial 
plates. Outside of the small disk plates is a ring of very large, irregu- 
larly shaped, radial and interradial plates. Five of these are inter- 
radial in position, and are situated just within the basal plates of 
adjoining supramarginal columns. These plates may remain normal 
as a single plate or may be divided into two plates, when they some- 
what resemble inwardly crowded supramaj^ginals. Upon these 
laterally and distally rest five large radial pieces, the basal plates 
of the radial columns. It is very probable that the radial columns 
are contuiuous from the basal plate to near the distal portion of the 
ray, where a few of these plates are much reduced in size and are 
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separated and wedged in between the adjoining four supramaiginal 
cfisides. There appear to be 10 or 11 of these in a column. On each 
side of the radial columns in the proximal half of each ray are a number 
of small accessory plates arranged in irregular columns. All of the 
abactinal plates are more or less convex and bear numerous smaU 
pustules clustered around a larger central one, all of which bore small 
spines. 

Supramarginal plates very conspicuous, subquadrangular in out- 
line, generally a little wider than long, with numerous small pustules, 
among which toward each lateral edge is a large one upon which 
probably articulated prominent spines. There are from 11 to 13 of 
these plates in each column. In the distal third of a ray both 
columns approximate and adjoin each other closely. Each supra- 
maigiual plate lies wholly and directly over an inframarginal and the 
pieces api>ear as one consolidated plate with the abactinal side convex 
and the actinal nearly flat. The supramarginals are the widest and 
extend in part over the adambulacrals. 

Madreporite small, circular in outline, slightly convex and very 
finely radially striated. It lies directly upon two basal supramar- 
ginal plates of adjoining rays and directly outside of one of tiie large 
interradial plates. 

An ocular plate terminates each ray. 

Inframarginals apparently like the supramarginals excepting 
distally, where they are nearly twice as long as wide. 

Adajnbulacral plates smaller than the inframarginals, nine in 
the space occupied by five of the latter, somewhat wider than long, 
convex, and covered with numerous small pustules. 

Ambulacral grooves very narrow in the distal region. The ambu- 
laoul plates appear to be as numerous as the adambulacrals, and are 
I — shaped, with the podial openings between the plates in about the 
mid-width of the column. 

All other actinal characters are unknown, srtice the two specimens 
expose the abactinal area, though one has portions of tiie plates 
removed, revealing the actinal characters described. 

Famhatum and locality. — ^The type-specimen is in the Harris 
coQection of the United States National Museum, and another 
specimen is in the Dyer collection of the Museum of Comparative 
Zoology (No. 4). Both were found in the crinid beds of the Keokuk 
group of the Lower Carboniferous at Crawfordsville, Indiana. 
. Remarks. — ^There is no Carboniferous asterid with which Neopdlser 
osier crawfordsvUlerms can be confounded. 

Cat. No. 60607, U.S.N.M. 
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Fanuly PALASTERINID-a; Gregory (emend.). 

PdaeoBterinidx Grboobt (part), Geol. Mag., dec. 4, vol. 6, 1899, p. 348 (amtaina 
Palatterina, Schanaster, and Schu^iertia); Treat. Zool., vol. 3, Echinodenna, 
1900, p. 260. 

Lindstromasterinx 6REG0RT(part), Geol. Mag., dec. 4, voL 6, 1899, p. 346 (containa 
Lindstrornaster and Uranaater). 

Palxastainidx StOrtz, Palseontographica, vol. 36, 1890, p. 246. 

Progressive Phanerozonia developing laige interbrachial arcs. 
Ambulacral plates more or less alternate. Madreporite abactinal. 
Disk laige, pentagonal, and the rays separated by well-developed 
interbrachial arcs. The inframarginal plates bound the animal and 
are separated from the adambulacrals more or less completely by a 
varying number of interbrachial plates. 

Abactinal surface with longitudinal columns of radial, supra- 
marginal and accessory columns of plates, or the radial columns 
may be reduced or even replaced by transverse rows of small accessory 
pieces. The central region of the disk may retain a ring of larger 
basal radial and supramargiual pieces. 
Contaios : 

Petraster Billings. 

Lindstramaster Gregory. 

Palasterina McCoy. 

UrancLster Gregory. 

PaUsosteUa Stilrtz. 

Pseudopalasierina Stilrtz. 

Genus PETRASTER Billings, 
Plates 23, 26, 27. 

Petraster Billinqs, Geol. Surv. Canada, Can. Oig. Rem., dec. 3, 1868, p. 79.— 
Hall, Twentieth Rep. N. Y. State Gab. Nat. Hist., 1868, pp. 283, 294; rev. 
ed., 1868=1870, pp. 325, 337. 

PaUeaater (part) Zittel, Handb. Pal., vol. 1, 1879, p. 452. 

Palxastenna of some Axtthoss. 

Oeneric cTiaracters, — Disk and interbrachial arches more or less 
large. General shape pentagonal. Rays five, short and slender or 
stout and tapering rapidly. 

Abactinal area of rays distally with one medial radial, two supra- 
marginal and two 'inframarginal columns of plates. Between the 
radial and supramarginal columns proximally are inserted columns 
of accessory plates. In P. spedosus there are five on each side of 
the radial column. Between the supramarginal and inframarginal 
columns in the axillary and basal ray regions are inserted columns 
of ambital plates. In P. spedosus there aj*e three. The plates 
are more or less stellate, with numerous subcircidar openings in the 
angles between adjoining plates. 
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Inframarginal plates bounding the entire outer edge of the animal, 
conspicuous, closely adjoining, not stellate and common to both the 
actinal and abactinal areas. 

Madreporite radially striate, abactinal. 

Adambulacrals closely adjoining the inframaiginals in t^e distal 
portion of the rays but proximally the former are separated from the 
latter by more or less numerous, small, accessory interbrachial plates. 
The adambulacrals may be of nearly the same size, or considerably 
wider than long in the mid-length of the column. The adambula- 
crals of adjoining columns meet orally in a pair of larger triangular 
plates, the oral armature. 

Interbrachial areas more or less large and the space between the 
inframarginal and adambulacral colunms filled with a variable 
number of accessory interbrachial plates. 

Ambulacrals slightly alternating, about as numerous as the adam- 
bulacrals, each with an L-shaped, proximally converging carina. 
Podial openings through the outer proximal comer of the plate and 
proximal to the carina. . Grooves narrow, r^ularly tapering. 

GenoJiohtype (type by monotypy) . — Petraster rigiius Billings. The 
above diagnosis is based on the genotype and PcdsBoMeriTia spedoaa 
Miller and Dyer. 

Distnlmlion. — Qrdovicic of North America, Siluric of AustraUa. 

The species are: t 

P. rigidus (Billings). Trenton. 
P. spedosus (Miller and Dyer). MaysviUe, Richmond. 
P. (f ) americanus (D'Orbigny). MaysviUe. 
P. smyihi McCoy. Siluric of Australia. 

Remarks. — ^WhiJe Billings has correctly pointed out the diagnostic 
characters of Petraster, yet the genus has been very imperfectly 
understood. This may partly be accounted for in that he later also 
included a specimen of Hudsonaater matutinus (Hall), which of course 
fails to have the essential generic character of Petraster, namely, the 
interbrachial accessory plates. The following is Billings' original 
description: 

"This genus has both marginal and adambulacral plates, with a 
few disk-plates on the ventral side. The general form is deeply 
stellate, and the rays long and uniformly tapering. A single specimen 
has been collected, and as it shows the imderside only, the characters 
of the dorsal surface can not be given. The structure of the mouth 
18 also unknown. Generic name from petra, a stone. 

''It differs from Pdlasterina by the presence of large marginal 
plates outside of the disk-plates [that genus has small marginals], 
and still more from Stenaster, which has neither disk nor marginal 
plates. It is allied to Astropecten.'^ 
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Professor Hall at first recognized the distinctness of Petraster^ since 
he wrote as follows (1870): 

''The character of Petraster here described, and illustrated in the 
figure (3a, pi. 9), gives an intercalated partial range of disk-plates, 
letween the adambulacral and marginal plates, which will separate 
these forms from any of the Palseasters in my collection/' 

On a later page, after an examination of the genotype, he added 
a ''Note on the genus Petraster'' in which he concludes that the 
specimen was injured during life, as shown by the unequal distribu- 
tion of the accessory interbrachial plates, and further that one ray 
is "without intercalated plates on either side." He adds: "This 
view is sustained by the fact that the other parts have the ordinary 
structure of. PdkRdster, and in all other respects the specimen agrees 
with the typical Paiasaster matvMnaJ' The genotype was studied 
at Ottawa by the present writer and found to be as described by 
Billings. The accessory interbrachial plates, though somewhat 
irregular in development in different areas in the type species of 
Petraster^ are normal in position and a similar but more complete 
development also appears in Lindstromaster and Paiasterina. 

Petraster is distinguished from Palasterina as follows: The most 
important feature is that the inframarginal plates of the former 
are prominent, closely adjoining and short but wide, while in PaJas- 
terina they are small, not conspicuous, and globular, or subquadrate. 
The next important difference is on the abactinal disk, where in 
Palasterina there is an irregular ring of prominent basal radial, 
and supramarginal plates. These are absent in Petraster. The acces- 
sory interbrachial ossicles in the latter genus never attain the distal 
region of the rays as in Palasterina where these pieces are also more 
numerous. Palasterina is also more abundantly spinose than 
Petraster. 

Schuchertia has no inframarginals as marginal plates, which at 
once distinguishes it from both Petraster and Palasteri'Mi. It is 
true that in Schucheriia inframarginals are also present but they are 
usually not well developed and remain adjoining the adambulacrals. 
These two columns are therefore not separated from one another by 
accessory interbrachial plates as in Petraster and Palasterina. 

The primary structure of Petraster is that of Hudsonaster. So many 
of the generic characters are common to both that the former genus 
appears almost certainly to have been derived through tJie latter. 
It is true that the central abactinal area of the disk in Petraster is 
devoid of the lai^e basal plates, a marked character in Hudsonaster, 
but the other generic characters are all present in the former. Petras- 
ter adds more or less numerous columns of radial accessory ambital 
and accessory interbrachial plates, none of which are present in 
Hudsonaster. It is these accessory ossicles which differentiate these 
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genora and show the line of development from the deeply stellate 
primary form to the pentagonal genera with well-developed inter- 
faracfaial arcs. 

FBTRASTER RlCmUS (BUUngs). 

Plate 27, fig. 5. 

PdUuterina rigidua BnxzNOS, Greol. Surv. Canada, Rep. of Progrees, 1853-1856, 

1857, p. 291. 
PdnuUr riffidus BmuNos, Geol. Surv. Canada, Can. Oig. Rem., dec. 3, 185$, 

p. 80, pi. 10, ^. 3a (not ^, Zh—Hudsomaster mahMnus), — Wright, Mon. 

British Foes. Echinod., Oolitic, vol. 2, pt. 1 (Palseontogr. Soc. for 1861), 

1862, p. 29.— Haix, Twentieth Rep. N. Y. State Cab. Nat. Hist., 1868, p. 

294; rev. ed., 1868=1870, p. 337. 

Description of 1868. — '"This species has much the aspect of an 
Astropeeten; the disk is one-fourth the whole diameter, the rays 
rather slender and uniformly tapering, the angles between the bases 
of the rays roimded. The plates [of the actinal side] which appear to 
be adambulacral [increase very little in size from the tips of the rays 
toward the mouth], are quadrate and a little convex; [the adambula- 
cral columns terminated in the mouth area by a pair of pointed 
oral plates and not by a single plate as shown in the original illustra- 
tion], the marginal [inframarginal] plates oblong, and also convex 
[certainly not less than 16 and probably 20 in each column, increasing 
rapidly in size toward the axils, whsre there is a single large axillary 
plate]; the disk plates [accessory interbrachials] consist of three at 
each angle [one orally and two distally], and a single row [of not more 
than seven plates] on each side of the ray, but extending only one- 
third or one-half of the length of the ray; they all lie between the 
[infra] marginal and adambulacral plates. [Abactinal side unknown.] 
The specimen figured was about 2 inches [or 50 mm.] in diameter 
when perfect ; width of disk half an inch, and of rays at the base about 
three lines." 

FcrmaHon and locality. — ^Trenton limestone, Ott-awa, Canada. 
Holotype No. 1401a is in the Victoria Memorial Museum, Ottawa. 
The species has also been identified by Springer in the Lower Trenton 
(Eirkfield) at Eirkfield, Ontario. 

Remarks. — ^Hall and Billings discussed their asterid genera and 
species at different times and finally the former examined Billings's 
material. In this connection Hall showed that figure Sh of Petraster 
rigidus was baaed on the actinal side of Hudsanaster malutinus. 
Regarding figure 3a, which is the holotype of this species, he in 1870 
wrote as follows: 

"The specimen illustrated in figure 3a has a few small intercalated 
plates between the marginal and ambulacral [adambulacral] ranges 
in two of the axils of the rays, and there are a smaller number of gran- 
ules in a similar position but unequally distributed on one side of 



142 BULLETIN 88, TJNITBD STATES KATIOKAL MUSEUM. 

another axil, while two of the axils do not show any such intercalated 
plates or granules. In one of the rays, at least, the ambulacral, adam- 
bulacral, and marginal plates are distinctly visible, without inter- 
calated plates on either side. 

'"The presence of these unequally distributed plates or granules 
is apparently an abnormal structure, probably the result of accident 
during the growth of the animal; and this view is sustained by the 
fact that the other parts have the ordinary structure of PdUeaster, 
and in all other respects the specimen agrees with the typical PcHx- 
aster matudnaJ^ 

The holotype was examined by the writer and although imperfect 
was found to have a normal development, with the plates in their 
proper places in at least two of the rays and axils. It certainly is not 
an abnormal development of *' Paiseaster matuiina'^ but represents 
a normal individual of a distinct genus and species diverging from 
HudsoTiaster matutiv/as toward the forms with large disks and great 
axillary areas, as in Lindstromaster and Paiasterirui. Hall seemingly 
was led to make the erroneous remarks above quoted through the 
fact that Billings had also included in his description and illustration 
(36) an individual of Hudsonaster moMtirvas, an error due to the 
undoubtedly close relationship of this form with Petraster rigidus. 

PBTRASTER SPECIOSUS (MiUer and Dfbt). 

Plate 23, figs. 5-7; plate 26, fig. 1; plate 27, figs. 1-1 

Pfddeaaterina spedosa Milleb and Dyer, Joum. GinciimatL Soc. Nat. Hist., vol. 1, 
1878, p. 30, pi. 1, fig. 7.— Milleb, N. Amer. Geol. Pal., 1889, p. 266, ^, 381. 

PalaBosterina approximata Miller and Dyer, Joum. Cincinnati Soc. Nat. Hist., 
vol. 1, 1878, p. 30, pi. 1, fig. 8. 

Original description of Palseasterina spedosa. — ''Pentagonal; rays 
obtuse at their apices; greatest distance from point to point about 
2i inches; breadth of body between rays about 1} inches, and dis- 
tance from tip of ray to next adjoining tip on either side about 1} 
inches. 

''The [infra] marginal plates are small and somewhat hemispher- 
ical near the temunation of the rays, they gradually enlarge and 
become square, and then rectangular as they approach the disk, until 
at the narrowest part of the disk ^r body of the fossil they are twice 
as long as wide. There are about 50 marginal plates between the 
apex of one ray and the next one adjoining, or, in a perfect specimen 
of this size, about 250. 

''The back or dorsal side is covered with numerous plates (prob- 
ably in a complete specimen of this size there would be 1,000 or more), 
which axe very prominent in the center or somewhat conical, and 
seem to have been joined together with deeply serrated edges. 
The plates have from three to eight of these indentations, which 
give them a beautiful starlike appearance. 
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''The ambiilacral grooves are narrow and deep, as shown by tiie 
sharp ridges on the back of the specimen. The small dorsal plates 
which cover the ambulacral pieces are exfoliated in some places, 
and show two rows of ambulacral plates coming evenly together 
and forming the sharp ridge.'* 

Original description of PalaRosterina approxinuUa, — "Pentagonal; 
rays more slender than in P. speciosa; greatest distance from point 
to point in the specimen figured 1.15 inches and breadth of the 
body one-half inch; another specimen from the collection of Mrs. 
M. P. Haines, of Richmond, Ind., measures from point to point 2.5 
inches, and has a breadth of body of nine-tenths inch. 

"The [infra] marginal plates have about the same form, and are 
about as numerous as they are in P. spedosa. The adambulacral 
plates are arranged with their length across the rays. The oral 
plates are very prominent. [This statement is somewhat in error. 
The five prominent points around the mouth are each formed of one 
large interbrachial plate and a pair of proximal adambulacrals.] The 
space between the [infra] marginal plates and the oral ones [adambu- 
lacrals] is filled with numerous small [accessory interbrachial] pieces. 
The ambulacral grooves are narrow. Ambulacral ossicles unknown. 

"The dorsal side is covered with small conical pieces, which give 
it a coarsely granular appearance. The madreporiform tubercle 
is prominent, conical, and longitudinally striated. 

"This species is distinguished from P. speciosa by its narrower 
rays, more contracted body, and smaller dorsal plates." 

Emended description. — ^The holotype of P. speciosa measures: 
R « 33 mm., r = 18 mm. The holotype of P. approximata measures: 
R =a 15 mm., r = 6.5 mm. 

Rays in young specimens slender distally, but with age they 
become obtuse and very wide proximally and here merge into the large 
disk. Interbrachial arcs very large. 

The abactinal area of disk and rays is bounded by columns of very 
prominent inframarginal plates. Banning at the apex of each ray 
they are very spaall and globular, soon they become quadrate and 
gradually shorter but wider, so that near the middle of each interbra- 
chial arc they have a crowded appearance. In a full-grown specimen 
there are about 50 and in a half-grown example about 45 of these 
plates between the distal ends of adjoining rays. In the distal region 
these plates are rounded and nearly smooth but gradually become 
granular and strongly convex, each with one prominent point for an 
articulating spine, none of which, however, have been observed. On 
the actinal side these inframarginals are also very prominent and 
pustulose but here are flat. They are most prominent near the center 
of the interbrachial arcs. 

50e01*-~BiiU. 88^15 10 
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The supramarginal columns begin at the very apex of the rajs 
and for more than one-third of their length adjoin the inframarginals 
where ambital plates begin to appear. The supramarginal colmnns 
are continuous over the disk in a broad curve, with about 18 to 20 
in a column, or from apex to apex of adjoining rays there are from 
35 to 40 of these plates. In the axillary areas they are separated 
from the inframarginals by three or four rows of ambital plates. At 
the apex of the rays the supramarginals are highly convex and 
nearly circular in outline but soon pass into more and more dis- 
tinctly stellate plates. This is the form of all the abactinal plates 
inside of the inframarginals; they are stellate, highly convex, each 
with a central node for an articulating spine and a few granules 
that are the bases for smaller spines. 

Each radial column appears immediately beneath the two terminal 
or rather distal supramarginal plates and then continues as a column 
to near the center of the disk. They are more prominent than the 
other columns excepting the marginals and have not less than 25 
plates in each one. On each side of the radials are five columns of 
radial accessory plates which appear to continue as columns over the 
disk in broad curves joining those of the next ray. Between these 
columns in the axillary areas are additional accessory plates. These 
columns of accessory plates appear singly, first on one side and later 
on the other, and not in pairs simultaneously, one on each side of the 
radial columns. 

Ambital areas well developed in the axillary region, where there 
are about three columns of these plates. The columns pinch out 
rapidly distally and none are present in the outer third of the rays. 

The plate arrangement of the central part of the disk can not be 
made out. 

Madreporite of medium size, highly conical, and conspicuous, 
with numerous sharp single or bifurcating ridges; on the under side 
are seen two outwardly directed spiral cones (the white lines of the 
drawing representing the spiral tubes in the madreporite), reminding 
one of the brachia in Atrypa (pi. 27, fig. 4). 

Adambulacral plates depressed, convex, subquadrangular in out- 
line in young specimens, but in fully grown individuals a number of 
these in the central region of the column are much drawn out laterally 
and are here two or three times as wide as long. In a half-grown 
individual there are about 20 of these plates in a coluonn, but in a 
mature specimen there appear to be not less than 26. These plates 
end inwardly in an apex, against which terminate the ridges of the 
ambulacral plates. The adambulacral and inframarginal columns 
are closely adjoining in the distal two-thirds of the rays but proxi- 
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mally they are Separated from each other by numerous accessory 
interbrachial plates, of which there appear to be not less than 30 in 
each area. The apexes of these interbrachial areas form the oral 
armature and each consists of two adambulacral plates, back of 
which is a rather large interbrachial plate. 

Ambulacral grooves narrow, tapering, and deeply V-shaped. 
Ambulacral plates slightly alternating, about as long as wide, and 
proximally superposed, with about 26 in each column. Each plate 
has an L-shaped ridge with the point proximally directed. The 
podial openings are situated in the outer proximal comer of the 
plates and between the inner angles of two adambulacrals. 

Fcrmadon and locality. — ^Richmond and Maysville formations of 
the Upper Ordovicic. The holotype of P. spedosa was found by 
Mr. W, C. Bamhart, on Twin Greek, near Winchester, in Preble 
County, Ohio, and is now in the Dyer collection of the Musexmi of 
Comparative Zoology, Harvard University (No. 14). Foiu* other 
less well-preserved specimens are in the Harris collection of the 
United States National Museum and were found in the vicinity of 
Waynesville, Ohio. The holotype of P. approximata and another 
similar-sized specimen but not so well preserved are also from the 
vicinity of Waynesville, Ohio. The first is in the Dyer collection 
of the Museum of Comparative ZoSlogy (No. 15), and the other in 
the United States National Museum. There is a slab with two 
yoimg individuals much etched with acid but otherwise excellent, 
showing the actinal side, in the Gurley collection of the University 
of Chicago (No. 10979). Finally there are two fine specimens, not 
fully grown, showing well the actinal and abactinal sides, in the 
Haines collection of the same university (Nos. 10839 and 10840), 
found near Hamilton, Ohio; these are apparently from the very top 
of the Maysville formation. 

Remarks. — P. apedosa is described by Miller and Dyer from the 
abactinal side and P. approximata from the actinal side. These 
writers point out that the rays are more slender and the disk more 
contracted in the latter, but when one considers that it is less than 
half the size of the former and that during growth these forms con- 
tinually add accessory plates, this difference in form is seen to be 
one of growth. The "smaller dorsal plates'' noted by these writers in 
Mrs. Haines's specimen of P. approximata are a character which the 
present writer does not regard as of value imless they be constant 
at this lower geologic horizon (Maysville at Hamilton), in which event 
this specimen can later on be distinguished by another specific name. 

Cat. No. 60609, U.S.N.M. 
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PSTILA8TBR (?) AMSRICAinrS (D*OfWfiv). 

Plate 26, fig. 2. 

Astaias Qrahax, Anthony, and Jambs, Amer. Joiim. Sd., ser. 2, voL 1, 1846, 

p. 441, figure but no description. 
CalaUer americanus D'Obbiqnt, Flx)dr. de Paleont., voL 1, 1849, p. 22 (name 

proposed). 
AsterioB anthonii Dana, Manual GeoL, ed. 1, 1863, p. 221,' with figure but no 

description. 
Palasterina (?)jamesi Dana, Amer. Joum. Sci., ser. 2, vol. 35, 1863, p. 295; Manual 

Qeol., ed. 2, 1864, p. 221, with figure but no description. 
PcdsBoater joTnesi Hall, Twentieth Rep. N. Y. State Gab. Nat. Hist., 1868, p. 286; 

rev. ed., 1868=1870, p. 329.— Mbex, Geol. Surv. Ohio, Pal., vol. 1, 1873, 

p. 62, pi. 4, fig. 4. 

MeeJe^s description. — ''Through the kindness of Mr. U, P. James, 
of Cincinnati, the discoverer of this fossil, I have now before me the 
original typical specimen, which I found not in a condition to be 
fully and systematically characterized, nor perhaps to afford the 
means of determining, beyond doubt, its generic affinities. It 
evidently attained a large size, and has a comparatively large disk, 
with its five rays rather broad at their inner ends, somewhat rapidly 
tapering, and apparently longer than the diameter of the disk. It 
evidently lies [does lie] in the matrix in such a manner as to show the 
ventral side [the inner dorsal aspect of the ventral plates], but pre- 
sents the appearance of having the marginal and disk plates of this 
side removed [they are present]. The five pairs of oral pieces [proxi- 
mal adambulacral plates] are seen in place, and proceeding outward 
from these can be seen a row of adambulacral pieces on each side 
of each of the rather wide [narrow] ambulacral furrows. These 
latter pieces are [proximaUy] nearly three times as long as their 
diameters in the direction of the length of the rays, and quite promi- 
nent at their inner ends, where they are articulated together by little 
processes and corresponding sockets or sinuses; while the outer 
two-thirds of each is flattened and distinctly more depressed than 
their inner ends. Outside of, and alternating with, the outer flat- 
tened ends of these adambulacral pieces, a row of [inframaiginal] 
nearly square, or more or less oblong pieces, may be seen all along the 
margins of the rays, and connecting at their axilla in such a manner 
as to leave room for several disk [or interbrachial] plates between 
them and the oral and inner adambulacral pieces." 

In each interbrachial area there are inserted between the infra- 
marginals and adambulacrals interbrachial plates as follows: Proxi- 
maUy one hexagonal plate upon which rest two similar plates mar- 
gined by the inframarginals. 

''At some places within the [narrow] ambulacral furrows, remains 
of ambulacral ossicula can be seen deeply interlocking with the 
inner ends of the adambulacral pieces, but their exact form, and the 
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position and airangement of the ambalacral poros, can not be 
dearly made oat in the specimen studied. 

''lie two oral pieces [proximal adambulacrals] of each of the 
five pain aro separated by deep sutm^, and have an iiregular f onn, 
being longer than wide, and, like the adambulacral pieces, which 
they some^at exceed in size, flattened and depressed at their outer 
ends, and elevated into crestlike prominences farther ui, with a 
lateral process or thickening on the outer side of each, in which a more 
or less distinct pit may be seen." Between the pairs of oral adam- 
bulacral plates are inserted small, single, subquadrangular plates, 
the proximal plate of each pair of ambulacral ossicles. Orad to 
each pair of oral armature plates are situated single hemispheric 
plates. 

''The surface, and the arrangement of the dorsal parts, are un- 
known; but they were probably armed with short spines, as some 
remaiDs of little spines are seen in the matrix at the margin of the 
disk, at one place. 

''As the extremities of none of the rays can be clearly seen, the 
exact breadth of the whole fossil, between the ends of opposite 
rays, can not be exactly given, but it is evident that the length of 
one of the rays, measuring from the middle of the disk, must have 
been a little more than 2 inches, and consequently that the diam- 
eter across from the extremities of opposite rays could not be less 
than about 4 inches. The breadth of the disk is 1.20 inches; 
and that of the rays at their inner ends, 0.70 inch." 

Formation and locality. — ^The single specimen was found in the 
Maysville formation (Qrdovicic), by Mr. U. P. James, on or near 
Vine Street hiU, Cincinnati, Ohio, and is now in the James collection 
of the Walker Museum of the University of Chicago. 

Bemarks, — ^This large species is quite distinct firom any other star- 
fish in having three rows of interbrachial plates, one piece in the proxi- 
mal, two in the medial, and five or possibly more in the distal row. 
While the arrangement of these interbrachial plates is different than 
in the other species of Petraster, their position is that of this genus. 
Therefore this species is for the present referred to Petraster. The 
preservation of this specimen is such that its generic and spe^'.ific 
characters will remain in obscurity until other material is found. 
It lies with the actinal side buried in the limestone while all of the 
abactinal plates have been worn away. What one sees is therefore 
the inner or dorsal aspect of the ventral skeleton. 

PBTSASTXR SMYTUl ICeCof . 

PetntUr tmyiki McCot, Geol. Surv. Victoria, Prodr. Pftl. Victoria, dec. 1, 1874, 
p. 41, pi. 10, figs. 1-16. 

Original descripti^m. — 'Tive broad semielliptical lobes meeting 
at slifi^tly rounded reentering angles, leaving the length and the 
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width at base of the rays nearly equal and less than the width of the 
disk. The upper surface is covered with crowded irregularly polyg- 
onal tumid plates. Madreporifonn tubercle very large (1} lines in 
diameter), irregularly porous, and rugged with branching vennicular 
ridges, excentric toward base of the two posterior rays. Ambulacral 
groove very narrow, bordered with a row of large transversely oblong 
adambidacral plates, wider than long, about 6 in 2 lines at middle 
of ray; margin of the rays bordered with a rather smaller row of 
similar marginal plates; between the row of adambulacral and mar- 
ginal plates an intercalary row of small irregular plates. Width of 
disk between the rays, 7 lines; from tip to tip of rays, about 1 inch 2 
lines; length of ray, about 5^ lines. 

* 'Very rare in the fine sandy Upper Silurian rocks of Moonee Ponds, 
Flemington, a little north of Melbourne [Australia]. ' ' 

Remarks. — ^The holotype exposes the abactinal side, but the plates 
of two of the rays are absent, exposing the actinal skeleton, which is 
therefore seen from its inner ^ide. So far as one can judge of the 
description and illustration, the species is a small but genuine Petras- 
ter. Abactinally the rays have conspicuous radial and supramar^ 
ginal colimms, each with about 17 ossicles, that are tumid and are 
all closely adjoining. Outside of these in the distal portion of the 
rays are the equally conspicuous inframarginals, and they mai^ 
not only these parts but the entire animal; proximally the inframar- 
ginals separate more and more from the supramai^inals, forming 
small ambital areas, occupied by a number (can not be determined) 
of roimded plates that now appear not to have been closely adjoining. 

Madreporite large, radiately striate, situated in an interradius and 
well inside the ambital area. 

AmbulacraUa large, about 12 in a column, and opposite one another. 
Adambulacrals smaller, about 14 in a column. Interbrachial struc- 
ture imknown. 

Genus LINDSTROMASTER Gregory. 

Lindstromaster Gregory, Geol. Mag., dec. 4, vol. 6, 1899, pp. 344, 946. 
Hisingmuter StDrtz, Verh. naturh. Ver. preuss. Rheinl., etc., vol. 56, 1900, 
pp. 224, 225 (same genohololype as for Lindstrdmaster). 

Original descripUan, — "PalseasterinidsB with flat pentagonal disk 
and five short blunt rajrs. 

^'The plates of the disk are large, polygonal, tuberculate, and 
crowded into a close tessellate pavement, which completely covers 
the interradial areas. 
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' 'Marginal [inframai^inal] plates well developed and conspicuous, 
and but slightly smaller than the adambulacrals. Both supra- and 
inframarginals appear to be present. 

''The abactinal [actinal] fiurows are large and subpetaloid. They 
are bounded by large tuberculate adambidacral plates. The ambu- 
lacral plates are boot-shaped [and slightly alternating]. The pores 
for the podia are large, and occur on the suture between the adam- 
bulacrals and ambidacrals. 

"The adambulacral elements in the oral armature are prominent, 
and consist of five pairs of subtriangular plates. 

"Type-species: Asterias anti^pia, Hisinger 1837. Silurian: Got- 
land." No other species of this genus is known. 

Remarks, — Of this genus only the actinal side is known and the 
published figure from a drawing by Mr. George LilejevaU is one of 
the best of Paleozoic starfishes. Linditrdmaster differs from Petras- 
ter in but one generic character, if it be a generic one, in that the 
ambulacral furrows are large and subpetaloid in the former and 
narrow and slowly tapering in Petraster. However, since the abac- 
tinal area is unknown in Lindstromaster there probably will be dis- 
covered in this area differences distinguishing it from Petraster. It 
is also probable that the marginals in Lindstromaster which Gregory 
thinks are "both supra- and inframai^inals'' lying directly super- 
posed are only inframarginals. In Siluric starfishes these plates 
have not attained the superposed position so marked in recent genera. 
The supramai^inals are here never true marginals and always lie 
more or less inside the inframarginals, which are the true marginals of 
these early genera. For other remarks see PalseosteUa. 

The name Hisingeraster was published after Gregory's name and 
is based on the same genotype. 

When more material is obtained and the genus is restudied, com- 
parisons shoidd also be made with PaJ^isterina primseva, as the two 
forms appear to have much in common. 

UNDSTROmASTSR ANTIQTTUS (Hiiinger). 

AtteriaaantiquaHismQER, Lethsea Suecia, 1837, p. 89, pi. 26, fig. 6. 
LindsiromaBter antiqua Greqoby, Geol. Mag., dec. 4, vol. 6, 1899, pp. 343, 347, 

pi. 16, figs, la, 16 (complete synonymy given here). — Sch5ndorf, Jahrb. 

naasauisch. Ver. Naturk., Wiesbaden, vol. 63, 1910, p. 225. 

A single specimen is known from ''Bed C,'' Mount Hoburg, Got- 
land, corresponding to the Wenlock of England. It is in the Angelin 
collection of the Mineralogical Museum at Copenhagen. 
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Genus PALASTERINA McCoy. 

PoUatUrwa MoOor, Bntuh Rd. Fon., 1851, p. 59 (not defined).— Saltbb, Ann. 
Mag. Nat Hist,, aer. 2, yoL. 20, 1857, pp. 324, 327.~Billinq8 (part), Geol. 
Barv. Ouiada, Gan. Oig. Rem., dec. 3, 1858, p. 76.— Zittxl, Handb. Pal., 
voL 1, 1879, p. 453.— SresTz (part), PaksoDtogiaiAiica, vol. 36, 1890, p. 226; 
(part), Veifa. natuifa. Ver. preuaa. Bheinl., etc., vol. 50, 1893, pp. 43, 60.— 
ScBdNDORF, Jahib. naaBaniach. Ver. Natoik., Wieabaden, vol. 63, 1910, 
p. 220. 
PalsDOiUrina Grbgobt, Ge(A. Mag., dec. 4, vol. 6, 1899, p. 349 (complete 
synonymy here). 

The term Pdlasierina was used by McCoy in the following words: 
''Before I was aware Frof. Forbes had described them [the three 
species named below] it seemed to me that the U [rasterdla] ruthveni 
and U. hirudo, as well as the similar American spedes, might be easily 
separated from the great starfishes forming the recent genus JJraster, 
by their small size and much more dmple skeletons, and I had named 
the genus ZTritutereZZa in my manuscript. The 17. jmTiunnM I thought 
generically distinct from the other two, as the rays were not contracted 
at base, etc. ; and I had named it Pa2a«tmna, from its resemblance 
to the recent genus AsterinaJ^ 

The three species mentioned by McCoy had been described by him 
in manuscript, but on learning that descriptions had been previously 
published by Forbes, the former, in his ''British Pakeozoic Fossils/' 
adopted the names of Salter. In writing of these three forms, as 
above quoted, he uses the generic name Pidasterina (not Pdlaeasterina, 
the generally accepted form), and while a type-species is selected, yet 
McCoy did not point out a single generic character of present value. 
His statement that "the rays were not contracted at base" is a 
feature which at that time distinguished Palasterina from UfustereUa, 
but now many Paleozoic genera are known having rays ''not con- 
tracted at base." 

While McCoy does not strictly propose the generic name, Salter is 
the first to accept and deGne Palaatenna, which he does in the following 
words: 

"Pentagonal, depressed, the arms a little' produced, with three or 
five principal rows of tubercles above, combined with a plated disk 
which fills up the angles ; ambulacra rather shallow, of subquadrate 
or slightly transverse ossicles, bordered by a single row of squarish 
large plates, the lowest of which (ad-oral adambula(u*al plates, Huxley; 
angle-ossicula, Forbes) are laige and triangular, bearing combs of 
spines (Upper Silurian)." 

Recently Gr^ory, in a paper entitled "On Lindstromaster and the 
classification of the Pal»asterids" (1899), redefines the genus, basing' 
his definition largely on P. honneyi. In this connection he writes: 

"The species [P. honneyi] is of interest, as the structure is better 
preserved than in the type of the genus [P. primssva], and thus we are 
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largely dependent upon it for our knowledge of the generic charac- 
ters '* (p. 350). 

Emended description. — ^Diak large, with moderately developed inter- 
brachial arches. Rays five, short, and tapering more or less rapidly. 
''R about twice as great as r." 

Abactinal area of rays distally with one medial column of large, 
thick, and subquadrangular radial plates, on each side of which are 
similar columns of supramarginal and inframaiginal pieces. In this 
region the columns adjoin and the ossicles are crowded, but 
proxunaUy between the radial and supramarginal and between the 
bitter and the inframarginal columns (ambital areas) are inserted 
numerous accessory smaller plates. The latter are most numerous 
in the ambital areas and at the base of the rays. The ossicles are 
packed into a tessellate pavement. In the center of the disk there 
seems to be a prominent central disk piece and at the bases of the 
rays there is a somewhat disconnected ring of ten most prominent 
plates, the five basal pieces of the radial and five interradial that 
give rise to the ten supramarginal columns. Inside of this ring there 
are probably numerous, very small pieces with no definite arrange- 
ment. A number of the proximal plates of both the radial and 
supramarginal columns may be separated from one another by small 
accessory pieces. 

Madreporite abactinal. 

Inframarginal plates bounding the entire outer edge and common to 
both sides of the animal. These plates are, however, small (smaller 
than the adambulacrals) and bear tufts of small spines. 

Adambulacrals subquadrangular, and closely adjoining, each plate 
bearing on its outer lateral edge a tuft of three spines. Oral armature 
consists of five pairs of triangular adambulacral plates which have 
slender spines on the inner edges. 

Interbrachial areas extending to near the distal ends of rays and 
occupied by numerous ''isolated rounded or subangular [accessory 
interbrachial} plates bearing [single] small spines." 

Ambulacrals slightly alternating and about as numerous as the 
adambulacrals. Each plate has an L-shaped ridge, posteriorly 
directed. The podial openings are on the sutures between the 
ambulacrals and adambulacrals. 

Genoholotype, — Uraster primaevua Forbes. The above diagnosis is, 
however, based largely upon Palaaterina honneyi Gregory. Dr. 
Bather sent the writer a number of wax squeezes of the genoholo- 
type, and while the parts preserved are clear and sharp, yet the speci- 
mens are not complete enough to work out the generic characters. 
Therefore, for the present, P. bonneyi is taken as the genoholotype. 

Di8tnbuti<m. — ^Ludlow shales (Upper Siluric) of Great Britain. 
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Oontams: 
P. primssva (Forbes). Ludlow of England. 
P. hanneyi Gregory. Ludlow of England. 
P. (t) ramseyensis EUcks. Tremadoc of Wales. 

For other remarks see PalseosteUa. 

Since the foregoing was written, Schdndorf 's work cited above has 
come to hand. He studied wax squeezes of P. primseva and deter- 
mined that the genotype is devoid of marginalia, and therefore refers 
Palasterina to the Cryptozonia. He writes: ''Special marginalia ap- 
pear not to be present, at least the mai^inal rows are in no way dis- 
tinguishable from the other intermediary [accessory interbrachial] 
plates. Accordingly Palasterina primseva Forbes sp. does not belong 
as stated by Gregory (p. 349) to the asterids with distinct marginal 
plates, the Phanerozonia, but with the asterids having inconspicuous 
or no marginalia, the Cryptozonia" (p. 222). 

The present writer holds that there are inframarginalia present all 
along the edge of the interbrachial areas and the rays, and that they 
are most typical along the distal portion of the rays. Here the 
inframarginalia are ontogenetically youngest and less affected by 
subsequent growth displacement and alteration than are the older 
ones in the interbrachial areas. In the latter region it is true that 
the marginalia are not conspicuous, but so long as one can make 
them out to be inframarginalia; size alone can not be the criterion 
that will permit of the conclusion that no marginalia are present in 
Palasterina, However, the difference in interpretation between 
Sch5ndorf and the writer is not a great one, as neither lays great 
taxonomic value on whether the marginalia are prominent or ''not 
prominently developed" (p. 223). So long as the inframarginalia are 
more or less prominent, one of the generic characters of Palasterina, 
a phanerozonian, is present, and when they are so inconspicuous as 
not to be made out anxong the other ossicles, we have one of the 
generic characters of Schuchertia, a cryptozonian. 

Schdndorf also states that the ambulacralia, and the adambulacralia 
as well, are all opposite and do not alternate with one another. The 
present writer states that the ambulacrals are ''slightly alternating,"^ 
and throughout this work he has given the arrangement of these 
ossicles his special attention. In a great many cases, and especially 
in the Qrdovicic species, he has had difficulty in ascertaining what 
was their actual position in the living animals, for nearly all the 
fossils have been squeezed more or less. He has always given their 
arrangement as they impressed him in the fossil when no evident dis- 
tortion could be seen. The writer would not lay special stress upon 
slight alternation among the ambulacralia, for in many Ordovicic 
species there is some variation in each ray from opposite to slightly 
alternate. Of course, when the alternation or opposite arrangement 
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IS complete and fixed throughout the rays, he would lay great value 
on the character. It may be said that in the earliest Asteroidea the 
dux)nogenetic tendency is from slight alternation to complete and 
fixed opposite arrangement among the ambulacral ossicles. 

PALASTBRINA PRIMJBVA (ForbM). 

VroiUr pnmxmu Forbes, Mem. Qeol. Surv. Great Britain*, vol. 2, pt. 2, 1848, 
p. 463; Mem. Geol. Surv. United Kingdom, dec. 1, 1849, p. 2, pi. 1, figs. 
2a, 2&; in McGoT, Brit. Pal. Fobs., 1851, p. 60.— Mttrchison, Siluria, 1854, 
p. 221, fig. 30. 

Pakuterina primmnis McCot, Brit. Pal. Foss., 1851, p. 59 (nomen niuhLm).— 
Salter, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, p. 327, pi. 9, figs. 2a-2c.— 
Wright, Mon. British Foss. Echinod., Oolitic, vol. 2, pt. 1 (Palseontogr. 
Soc. for 1861), 1862, p. 26, fig. 16a.— Quenstbd, Petrefactenkunde Deutsch- 
lands, vol. 4, 1876, p. 74, pi. 92, fig. 35. — StGrtz, Verb, naturh. Ver. preuss. 
Rheinl., etc., vol. 50, 1893, p. 44; vol. 56, 1900, pp. 214, 224.— Schondorf, 
Jahrb. nassauisch. Ver. Naturk., Wiesbaden, vol. 63, 1910, p. 220. 

PaUBOMUrina primaeva Greoory, Geol. Mag., dec. 4, vol. 6, 1899, p. 349. — Spen- 
cer, Mon. Brit. F^. Asterozoa, pt. 1 (Palsontogr. Soc. for 1913), 1914, pp. 
87, 38, fig. 30. 

FarmoHan and locality. — ^A common species in the Ludlow rocks. 
Underbarrow, Kendal, Westmoreland, and Leintwardine, Shropshire, 
England. 

Remarks, — ^Dr. Bather furnished the author with wax squeezes of 
specimens Nos. E4990-E4993 (E61 is quite another species and 
abactinally more closely related to Hudsonaster) in the British 
Museum (Natural History). They are from the Lower Ludlow at 
Eendal, Westmoreland. These show little of value abactinally, but 
actinally are well preserved along the ambulacra. Unfortunately, 
however, none of the marginals are present and but little of the 
interbrachial areas. When better material is at hand a comparison 
should be made also with lAndstrSmaster antiquus (Hisinger), as the 
two look suspiciously alike. 

PALASTBRINA BOMAJfYl Orefoiy. 

PaUBOMUrina bonneyi Greoobt, Geol. Mag., dec. 4, vol. 6, 1899, pp. 349, 350, 
text figs. 1-3, and pi. 16, figs. 2a, 26.— Sch5ndobf,. Jahrb. naasauiach. Ver. 
Naturk., Wiesbaden, vol. 63, 1910, p. 223. 

''This species has hitherto been included in P. primxva, the type- 
species of the genus, from which it differs by having shorter and 
blunter rays, more numerous actinal interbrachial plates, and more 
adambulacral plates in each series ; the character of the abactinal ray 
plates is also different in the species, the longitudinal series being 
widely separated at the proximal end of the rays in P. honneyi'' 
(Gregory). 

FarmoHan and locality. — ^Ludlow shales. Leintwardine, Shrop- 
shire. Types in British Museum (Natural ECstory). 
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PALA8TBRINA (?) SAMSBnfSIB 

Palasterina rarmeyennt Hioks, Quart. Joum. Ged. Soc. London, vol. 29, 1873, 
p. 61, pL 4, figs. 21-23.— WooDWABD, GeoL Mag., dec. 2, vol. 1, 1874, p. 96. 

This starfish needs to be restudied in the light of modem knowl- 
edge. The specimens represented by Hicks's figures 21 and 22 seem 
to be referable to Petraster rather than to Pdl<i8terina, while that of 
figure 23 appears to be nearer MesopdUeasier. 

Formation and locality. — Said to be from the Tremadoc, but the 
development of the starfish seems to be in harmony with Upper 
Ordovicic time. The specimens are from Ramsey Island and St. 
Davids, Wales, and are in Mr. Lightbody's collection. 

Genus U RAN ASTER Gregory. 

Uraruuter Qbeqobt, Geol. Mag., dec. 4, vol. 6, 1899, p. 347. — SghSndorf, Jahib 
naasauisch. Ver. Naturk., Wiesbaden, vol. 63, 1910, p. 225. 

The name is ''from Uranus, the grandfather of Pluto; the starfish 
resembles the living genus PlutonasterJ^ 

Oeneric description. — ^Animal deeply pentagonal, above medium size, 
with well-developed interbrachial arches, and five long slender rajrs. 

Inf ramarginal plates marginal, large, and elongated in the direction 
of the rays. These plates are apparently common to both the actinal 
and abactinal areas. Abactinally adjoining the inframaiginals is 
another coliman of large submarginal plates ( ?supramaiginal9) 
alternating with the foimer, and sometimes there are smaller acces- 
sory pieces between these columns in the angles of the plates. The 
rays have no medial or radial columns of prominent plates, but the 
entire space between the submarginal columns is occupied by numer- 
ous closely fitting, convex, or tubercular plates which are arranged 
in alternate transverse rows, each having from three to four pieces 
on each side of a ray. 

Interbrachial accessory plates numerous, polygonal, and, according 
to Baily 's figure of U. Jeinahani, arranged in crescentic rows conforming 
to the shape of the disk margin. These plates do not appear to 
extend between the marginals and adambulacrals beyond the mid- 
length of the rays. 

Adambulacral plates tubercular, subquadrangular in outline, and 
widest transversely in the medial third of the column. 

Ambulacral furrows very narrow, deep, and tapering gradually. 
Ambulacral plates traversed by strong transverse ridges. 

Madreporite unknown. 

Oenoholotype. — Palasterina Jeinahani Baily. Upper Ordovicic. A 
second species is U. diz» Spencer, also from the Ordovicic of Great 
Britain. 

Remarks. — Vraruister differs from Petraster, Palasterina, and 
Lindatromaster in having the abactinal area of the rays between the 
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two pairs of mai^inal columns filled with small tuberculate plates 
arranged in transverse rows. The other genera have the plates in 
longitudinal columns. 

USANASTBR KINAHAin. (Bdly). 

PalaUaina tinaham Bailt, in Kinahan, Man. Greol. Ireland, 1878, pp. zv, 26, 
pi. 2, fig. 1; Mem. Geol. Surv. Ireland, Expl. Mem. Sheets No6. 169, 170, 
ISO, 181, 1879, pp. 58, 59, fig. 6. 

Uiranaster kinahani Grboobt, Geol. Mag., dec. 4, vol. 6, 1899, p. 348. — Sch5ndobf, 
Jahrb. naaaauisch. Ver. Naturk., Wiesbaden, vol. 63, 1910, p. 225. 

This species occurs abundantly as natural molds in the Caradoc 
(Upper Ordovicic), near Ballymadder Point and Bannow, Wexford, 
Ireland. A specimen is in the British Museum (Natural History), 
No. E 194. 

URANASTBR BUZJB Qptncer. 

UnauMMUr elizm Spbncbb, Mon. Brit. Pal. Asterozoa, pt. 1 (Palsontogr. Soc. for 
1913), 1014, pp. 18, 20, 23, figs. 18, 23. 

From the Ordovicic of Great Britain. 

Genus PAL.-<GOSTELLA StUrtz. 

PalxotUUa StObtz, PalBBontographica, vol. 36, 1890, p. 230, pi. 31, figs. 42, 43; 

Verb, naturb. Ver. preuas. Rbeinl., etc., vol. 50, 1893, pp. 42, 58, pi. 1, figs.5-8, 
Pdbmecbria StI^rtz, Verb, naturh. Ver. preuss. Rheinl., etc., vol. 50, 1893. 

p. 12 (genoholotype the second flpecimen of Palxostdla solida). 

Description. — ^Animal attaining a large size, with large pentagonal 
mterbrachial arcs. Rays five, stout. Ambulacral grooves wide and 
apparently regularly tapering. 

Abactinally the inframarginals are also the marginals for this 
area. Near the distal ends of the rays the supramarginals adjoin 
and He either partially over or inside of the inframarginals and 
continue nearly to the axillaB. There also seems to be a single radial 
column, c<^nfined, however, to the distal third of the rays. Other- 
wise the abactinal skeleton consists of very numerous, small, irregu- 
larly shaped, loosely interlocking plates without definite arrangement. 

Madreporite abactinal. 

ActinaUy the animal is bounded by subquadrate, numerously 
spine-bearing, inframarginal plates which increase rapidly in size 
towards the axillae, where they are ponderous and nearly twice as 
wide as long. Ambulacral plates alternating, L-shaped, with single 
columns of podial openings. Adambulacrals subquadrate, prominent, 
mcreasing regularly in width proximaUy and bearing spines like 
the marginals. Interbrachial areas large, reaching to near the 
distal ends of rays, widely separating the inframarginals from the 
adambulacrals in the axillary region, and the space occupied by 
very numerous, small, spino-bearing, apparently irregularly dis- 
posed plates. 



156 BULLETIN 88, UNITED STATES NATIONAL MUSEUM. 

Oenoholotype and only species. — P. solida Sttirtz. Two speci- 
mens axe known from the Lower Devonic roofing slates, Bundenbach, 
Germany. 

Remarks. — ^The starfishes from the Bmidenbach roofing slates are 
at best but poor fossils and were it not for the great skill of ^Ir. 
Sttirtz in cleaning them out of the matrix their systematic position 
could not well be determined. At best they are compressed to almost 
paper thickness and distorted during solidification and shortening or 
elongation of the slates. Under these circumstances it appears 
best to redescribe the detailed abactinal characters as given by 
Stiirtz. He mentions numerous paxillao and finds many characters 
conmion to both PalxosteUa and the living Nectria. 

PalseosteUa is closely related to Palasterinay also to Lindstrdmastery 
and may be a descendant of the latter. The actinal structure in 
Lindstromaster and PaUeosteUa is nearly alike, both having large 
inframarginals and adambulacrals, but the interbrachial areas in 
the former are occupied by large closely adjoining plates, while in the 
latter these are small and somewhat loosely interlocking. Abac- 
tinally they can not be compared, since that side is unknown in 
Lindstr (master. The greatest difference between Palasterina and 
PaldeosteUa is that the former has small inframarginals while in the 
latter they are very large. Then the supramarginal and radial 
columns in PakisteriTui are better developed and comparatively 
larger, while in PalaeosteTla they are shorter and most prominent in 
the distal half of Che rays. In the latter genus the central region 
of the disk has no ring of fifteen basal radial and supramarginal 
plates as in Palasterirui. 

From tins evidence it seems probable that the line of descent is 
from Petraster to Lindstromaster to PalxosteUa in maintaining promi- 
nent colmnns of inframarginals, while the line from Petraster to 
Palasterina tends toward the reduction or elimination of these plates 
as a conspicuous skeleton element. 

Palaenectria is based on the second specimen, and the genus is 
described as follows: ''Should the described starfish [the second 
specimen of PalseosteUa solida Stiirtz] prove not to be identical with 
PalseosteUa, which is possible, even though not probable — the other 
specimen is in the British Museum — I propose for it the new name 
Palsenedria devonica.^' Unless the author takes the time to work 
out his new forms, or decides the problem presented for himself, be 
should not expect some one else to do this for him. Under these 
circumstances the genus and species are regarded as not defined. 

Genus PSEUDOPALASTERINA StUrtz. 

Pseudopalasterina St^rtz, Verb, naturh. Ver. preuae. Rheinl., etc., vol. 56, 1900, 
pp. 219, 224. 

Genohclotype and only species. — Palasterina fcllmanni StCkrtz. 
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PSBUDOPALASTBRUfA FOLLMA2VNI (StOitz). 

PatagUrina foUmanni St&rtz, Palaeontographica, vol. 36, 1890, p. 226, pi. 29, 

figB. 29-31a. 
PmtdopalatUnna follmanni StI^rtz, Verh. oaturh. Ver. preuBS. Rheinl., etc., 

vol. 56, 1900, pp. 219, 224. 

Actmally this species has ambulacrals and narrow adambulacrals 
and outside of the latter the interbrachial and abactinal areas consist 
of a membrane with small spine-bearing plates. It has no inframar- 
ginal nor radial and supramarginal columns, features characterizing 
Palasterina. 

FarmaHon avd locality. — ^Lower Devonic of Bundenbach, Germany. 

NEW GENUS. 

NSW SPECIES. 

Prof. Weller got on Fountain Creek, at Waterloo, Illinois, in the 
St. Louis limestone, a small pentagonal asterid (No. 14396, Univer- 
sity of Chicago collection) showing only the actinal side, that differs 
from all ether known forms of the large-disked genera. The five rays 
are completely within the pentagon, with the interbrachial areas large 
and straightrsided. These areas are made up of a few large tesselate 
plates, of which it seems that seven compose the interbrachial mar- 
gins and inside these there seem to be transverse rows, each with five, 
three, two, and one ossicles. It could not be made out whether the 
inframarginals and supramarginals are directly superposed, but this 
may be so. 

Ambulacral furrows exceedingly narrow, a mere line. These are 
bounded by colxmms of large, very ornate adambulacrals, each with 
seven ossicles. Those of opposite columns alternate decidedly with 
one another and on its outer side each bears two short but dis- 
tinct spines. 

Adambulacral oral armature in five very prominent pairs of pieces, 
long and pointed, and about twice as long as any other adambulacrals. 

Measurements: R = 8.5 mm., r = 7 mm. 

Family LEPIDASTERID^E Gregory (emend.). 

LejMuterida Gregory (part), Geol. Mag., dec. 4, vol. 6, 1899, p. 352 (includes 
LepidasterAiidEihendgaster); Treat. ZooL, vol. 3, Echinoderma, 1900, p. 255. 

HelianihasUrinx Gregory, Geol. Mag., dec. 4, vol. 6, 1899, p. 258. 

Hdianihasteridx StGrtz, Verh. naturh. Ver. preuss. Kheinl., etc., vol. 56, 1900, 
p. 204. — ScbOndorf, Jahrb. naaaauiech. Ver. Naturk., Wiesbaden, vol. 63, 
1910, p. 235. 

Primitive multi-rayed Phanerozonia apparently with the general 
structure of PalaeasteridaB, but with as many as 24 rays. Madreporite 
known only in HdiarUhaster, where it is interbrachial and on the 
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edge of the disk, more actmal than abactinaL Tnframarginals or 

supramai^ginals bounding the rays. 

Contains: 

Lepidagier Forbes. 

HeUarUhagter Roemer. 

LepidastereHa, new genus. 

Remarks. — ^For a discussion as to why there are multi-rayed — that 

isy more than the normal five-rayed — ^asterids^ see the family Pals- 

osolasteridfls. 

Genus LE PI D ASTER Forbes. 

Lepidcuter Forbes, Mem. €reoL Surv. United Kingdom, British Oig. Rem., 
dec. 3, 1850, p. 1, pi. 1, figs. 1-3.— Wrioht, Mon. British Foes. Echinod., 
Oolitic, vol. 2, pt. 1 (PaUeontogr. Soc. for 1861), 1862, p. 35.— Woodwasd, 
Geol. Mag., dec. 2, vol. 1, 1874, p. 9.— Zittbl, Handb. Pfcd., vol. 1, 1879, 
p. 454.— St^btz, PalsBontogiaphica, vol. 36, 1890, p. 222, pi. 28, figB.19-20; 
Verb, naturh. Ver. pieuss. Rheinl., etc., vol. 50, 1893, pp. 52, 72. 

Generic description. — ^Disk very lar^, over 50 mm. in diameter, 
and apparently composed of heavy, closely set, polygonal plates. 
Rays 13 in number, fairly stout, not slender, and tapering fairly 
rapidly in the distal half. R = 52 mm., r = 25 mm. A little more than 
half the length of the rays extends beyond the disk. 

Actinally, the rays are bounded on each side of the very narrow 
ambulacral furrow by two columns of strong, timiid, closely ad- 
joining, transversely oblong, adambulacral and inframarginal plates. 
The latter are also the marginals for the abactinal side. The adam- 
bulacrals are tuberculate and probably bore small spines; there 
are 25 ossicles in each column. Ambulacrals unknown, but the 
arrangement of the adambulacrals indicates that they were slightly 
alternate. 

Madreporite and interbrachial areas unknown. 

Abactinally little is known. The rays are described as having 
"numerous small polygonal nearly flat ossicula, closely set, and of 
various sizes." To judge by similar rays in other genera, it would 
appear that Lepidaster may have had radial and supramarginal 
columns of ossicles. - 

Oenoholotype and only species. — L. grayi Forbes. The holotype 
was found in the quarries of Wenlock limestone in the Castle TTill at 
Dudley, England. 

ObserixUums, — ^Forbes's illustration leads the writer to believe 
that the abactinal plates have been deranged and that originally 
the larger pieces were arranged in supramarginal colimms, while the 
smaller ones composed the radial row of ossicula. This type of 
structure generally goes with the actinal arrangement as here seen in 
Lepidaster, a duplicate of the same structure in Hudsonaster, Palao- 
aster, and MesopcUssaster. Stfirtz compares the abactinal skeleton of 
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Lepidaster with the recent Scythaster, which is made up of plates of 
various sizes without regular arrangement. It seems more natural 
to compare Lepidaster with Siluric and Ordovicic genera than with 
recent forms, and particularly when nearly identical structures are 
found in the genera mentioned. 

Forbes also describes Lepidaster as having the ambulacral grooves 
" towards the extremity, in some instances partially filled up by small 
polygonal intervening plates." His figures show a few of these 
plates arranged in single columns. Tbia anomalous structure is 
undoubtedly best explained by accepting Sttirtz's conclusion, that 
they are the separated ambulacral pieces, since otherwise none of 
these plates appear to be present. As a fifth actinal, or a single 
ambulacral colimm, the structure is out of all harmony with star- 
fishes. 

Genus HELIANTHASTER Roemer. 

HelianthasUr Roeher, Palaeontogiaphica, vol. 9, 1863, p. 147, pi. 28.— Quenstedt, 
Petrefactenkunde Deutschlands, vol. 4, 1876, p. 82, pi. 93, fig. 32.— Zfttel, 
Handb. Pal., vol. 1, 1879, p. 453.— StGbtz, N. Jahrb. ftir Min., etc., 
1886, vol. 2, p. 148; Pakeontogiaphica, vol. 32, 1886, p. 81; vol. 36, 1890, 
p. 218, pi. 27; Verh. naturh. Ver. preuss. Rheinl., etc., vol. 50, 1893, pp. 12, 
30. — Gregobt, Treat. Zool., vol. 3, Echinoderma, 1900, p. 258. — Giabke, 
Bull. N. Y. State Mus., No. 121, 1908, p. 61, pi. 10.— ScHdNDORF, Jahrb. nas- 
BauiBch. Ver. Naturk., Wiesbaden, vol. 62, 1909, p. 34. 

Generic characters, — ^Disk large; rays 14 to 16 in the genotype. 
Interbrachial actinal areas well developed but not over-large for a 
many-rayed asterid, either integumentaiy or granular, distally con- 
cav^y cut out and margined by several small inframarginals, about 
seven on each side of a larger axillary piece. 

Madreporite marginal, large, more actinal than abactinal, radi- 
ately striate, interbrachial, and situated immediately outside of the 
inframarginals. In the fossils it appears to be of the actinal surface. 

Rays long and slender, protruding beyond the disk more than 
twice the length inside the disk. Adambulacrals opposite one 
another, with small lateral spines, prominent and large, wider than 
long, bounding the rays, and terminating proxin^ally in pairs of 
modified pieces. .These make the adambulacral parts of the oral 
armature. Ambulacral grooves narrow, ambulacral ossicles not 
seen but probably arranged opposite one another. 

Abactinally the disk appears to have a scale-like covering. The 
rays have median colimins of radialia, outside of which are stout 
columns of supramarginal ossicles. 

Ofnoholotype (type by monotypy) . — H, rhenanus Roemer (citations 
as above). Lower Devonic of Bundenbach, Germany. The above 
definition is based on the illustrations of Sturtz. There is a second 
species in Germany, and H, JUiciformis occurs in England. 

50601*— BiUl. Sa— 15 11 



160 BULLETIN 88, UNITED STATES NATIONAL MUSEUM. 

HELIANTHASTBR FIUCZFOHMIS Woodward. 

Helianthaster filiciformis Woodward, GeoL Mag., dec. 2, vol. 1, 1874, pp. 7-10, 
fig. on p. 8. 

A natural mold in sandstone measuring about 45 mm. in total 
diameter. Has 11 rays. The disk "must have measured 10 
mm. in breadth. The arms are 17 mm. in length, and near their 
junction with the body are 5 mm. broad." The specimen needs to 
be restudied and modernized. 

The holotype is from the Upper Devonic at Great Inglebourne, 
Harborton, South Devon, England, and is now in the coDection of 
Mr. Champemowne. 

LEPIDASTEREL.L.A, new genus. 

Plate 25, fig. 2. 
Lepidasterella Schuchert, Fosailium Catalogue, Animalia, pt. 3, April, 1914, p. 23. 

Much like Lepidaster, but with 24 rays instead of 13 as in that 
genus. Rays extending considerably beyond the disk. The abac- 
tinal side only is known, but it shows that the rays have slender radial 
columns, the ossicles of which are disposed altemadngly with the 
larger and more prominent supramarginals. Outside of these is 
some rays may be seen the edges of the inframarginalia, and these 
have well developed but slender, rather long spines. 

There appear to be no ambital areas, as the inframarginals of 
adjoining rays meet and at their junction begins the disk. The 
disk appears to have been made up of more or less closely adjoining 
polygonal plates \«rhose arrangement is not discernible in the specimen. 

The madreporite and its position are unknown. 

Actinal area unknown. 

Oenoholotype and ordy species. — L, Ixibcockif new species. 

Remarks. — ^The essential difference between Lepidaster and Lepid- 
asterella is that the former has 13 rays while the latter has 24. 

LEPIDASTBRELLA BABCOCKE, new apecles. 

Plate 25, fig. 2. 

Helianthaster, new species Clabke, Fifty-Dinth Rep. N. Y. State Mus., 1906, p. 37, 

and plate. 
Helianthaster gyalum Clabke (part). Bull. N. Y. State Mus., No. 121, 1908, p. 61 

(not pis. 12, l^^Palasosohuter (f) gyalum). 

Description, — ^Rays, 24. Length of best preserved ray in the 
holotype, 28 mm. Width of ray at base, 3 mm. Width of disk, 
probably not less than 20 mm. 

Rays slender and regularly tapering. Their structure is only 
known abactinally, from a natural mold in a fine sandstone. Medi- 
ally there is a narrow but high column of radial plates, each one of 
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which alternates with those of the supramarginal plates. The 
latter are slightly tumid, subquadrate in outline, regular in size, 
but decreasing gradually distally. Outside of these and margining 
the rays may be seen a little of the inframarginali^,, which bear pairs 
of short, slender, and finely striated spines. There are from 31 to 
33 closely adjoining plates in each one of the abactinal columns; 
there appear to be no accessory plates of any kind in the rays. 

Disk circular in outline, somewhat tumid and covered by small 
many-sided plates that originally appear to have been closely adjoin- 
ing. 

Remarks. — ^As this is the only American starfish with more than 
five rays, it is readily distinguished from all others. The abactinal 
arm structure is practically that of Hvdsonasterj with the difference 
that in L. JxibcocTci the inframarginals do not project beyond the 
supramarginals and are therefore not seen as a rule from the dorsal 
side in the natural casts. 

Locality avvd formation. — ^The holotype, an excellent specimen, was 
found in the lower part of the Upper Devonic, near Ithaca, New 
York, by Mrs. G. W. Babcock, after whom the species is named; 
it is in her possession. The writer's attention was called to this 
interesting specimen by Prof. H. S. Williams of Cornell University. 
Some years after this starfish was described in manuscript, Clarke 
directed attention as above cited to two others found in the Cashaqua 
shales of the Portage in Hunt's quarry, at Interlaken, New York. 

Cat. No. 60627 (cast), U.S.N.M. 

FAMILY, unknown. 

Genus ASTROPECTEN Link. 

The genus Astropecten is based upon living species, and it is not 
probable that the Devonic forms are identical. 

ASTROPECTEN (?) SCHLthXRI Stflxtz. 

Astropecten sdUUteri Sti^rtz, Falseontographica, vol. 32, 1886, p. 87, pi. 10, figs. 1, 
16, 2, 2a; Verh. natorh. Ver. preuss. Kheinl., etc., vol. 60, 1893, pp. 51, 71. 

In the roofing slates of the Lower Devonic at Bundenbach, Ger- 
many. A single very much distorted and compressed example is 
the basis of this species. 

Genus ATAXASTER Jaekel. 
AtaxasUrJiJtKXLf Zeits. geol. Gesell., vol. 55, 1903, Frotokol, p. 14 (106). 

OenoJiolotype and only species. — A. pygmxus Jaekel. Ordovicic 
(D|), St. Benigna, Bohemia. 

Description. — "A small asterid whose ambulacrals in the distal 
parts are alternate, but in the proximal are opposite.'' 

Remarks. — ^The above is all that is known about Ataxastery and 
for the present the genus has no value. 
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CRYPTOZONIA Sladen. 

Specialized Asteroidea without true marginal plates. In other 
words, there are no large and conspicuous marginal plates bordering 
the animaky but in piimitiTe forms laige adambulacrals do maigin 
the species. In other primitiTe forms more or less of the infra- 
marginals may be present, but if so they remain adjoining the adam- 
bulacrals. 

Ambulacrals alternating or directly opposite one another. 

Oral armature generally with the adambulacral elements the most 
conspicuous; more rarely the ambidacral elements are most promi- 
nent. 

Contains the following families: 

Stenasteridfls. Schuchertiidse. 

Monasterids. PalasteriscidsB. 

Urasterellidse. SchcBnasterid®. 

Calliasterellidse. Palseosolasteridfld. 

CompsasteridsB. 

Remarks. — ^This widely accepted order, which appears as if founded 
in nature on a single grand phylum, probably has no such value. 
In other words, asterids without either one or both of the marginal 
columns bounding the animal developed several times. Therefore, 
the absence of these ossicles is no indication of direct phyletic 
relationship, but sych are simply cases of parallel development. As 
long as asterids retain the primitive characters of few columns of 
rather strong ossicles and the adambulacral type of oral armature, 
they are clearly Phanerozonia, but when the ponderous skeleton 
breaks up into a more flexible one of small pieces, then the marginal 
and abactinal columns vanish as such in the mass of small plates. 
On the other hand, ponderosity may even be retained with the loss 
of the inframarginals alone. In all of these Paleozoic forms, the 
adambulacral type of oral armature is the rule. 

Among the Paleozoic ''Cryptozonia" it seems certain that at least 
the families StenasteridaB, Urasterellidse, Schuchertiidse, and Pakeo- 
soiasteridae had independent origins in Phanerozonia stocks. The 
Urasterellidae and CalliasterellidaB apparently had a single origin in 
the Phanerozonia subfamily MesopalfiBasterinsB by the adoption of 
marked flexibility. On the other hand, the families Stenasteridse 
and Monasteridae retained rigidity and primitive characters, and 
more probably arose in the Hudsonasteridae through the loss of the 
inframarginals alone. The Schuchertiidsd also had their origin 
directly in some Phanerozonia stock and one naturally looks for it 
in forms developing large interbrachial areas as in the Palasterinidffi. 
In this family, however, the accessory plates axe introduced between 
the adambulacrals and inframarginals, while in the former family they 
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are intaxxluced outside of the inframorginals and the entire abactinal 
skeleton is broken up into an abundance of tiny pieces. Therefore, one 
must go back for their origin at least as far as the PalsBasteridsB. In 
this case it was not primarily flexibility that led to this supposed 
ordinal change, but it was due to increase of body cavity and enforced 
enlarging of the skeleton in the interbrachial and ambital areas, 
making the more or less pentagonal disk. It is probable that the 
PalasteriscidsB were their descendants, while the Schoenasterid® may 
have been the final Paleozoic representatives of the same phyletic line. 
The Palieosolasteridae seemingly arose in the Phanerozonia family 
Lepidasteridae by the adoption of a flexible skeleton. 

It would, therefore, seem that the Paleozoic families of supposed 
Cryptozonia construction are to be grouped as follows : 

Saperfamily SteiuiBteracea, new. 

Inchides families Stenasteride and Monasteridse. 
Superfamily Urafiterellacea, new. 

Includes families Urastereliid®, Calliaflterellidae, and Gompsasteridae. 
Superfamily Schuchertiacea, new. 

Includes families Schuchertiidae, Palasteriscldae, and Schoenasteridfie. 
Snperfomily Palaeosolasteracea, new. 

Includes family Palaeosolasteridse. 

STENASTERID^, new family. 

Rigid, small, primitive, five-rayed Cryptozonia, with rapidly taper- 
ing or petaloid rays. Ambulacrals few in number and opposite in 
arrangement. Interbrachial areas consisting of the single pairs of 
large basal adambulacral oral armature plates. 

Abactinal skeleton unknown, but in some forms seemingly integu- 
mentary. No spines as yet known. It is probable that this family 
will be referred to the Auluroidea. 

Contains: 
Stenaster BiUmgA. 
Tetraster Nicholson and Etheridge. 

Genus STENASTER Billings (emend.). 

Plate 32, fig. 1. 

StenoiUr BiixmoB, Geol. Surv. Canada, Can. Oig. Bern., dec. 3, 1858, p. 77.— 
Bt&btz, PalfiBontogiaphica, vol. 36, 1890, p. 220.— Greooby, Geol. Mag., 
dec. 4, vol. 6, 1899, p. 352. — Spencer, Mon. Brit. Pal. Asterozoa, pt. 1 
(Fblfleontogr. Soc. for 1913), 1914, p. 22. 

Vra^eUa StUbtz (not McCoy), Verb, naturh. Ver. preuss. Rheinl., etc., vol. 
50, 1893, pp. 40, 41, 56. 

Oenerie characters. — Small rigid asterids, the largest example having 
R-20 nmi.y r=4.6 mm. Disk small, without interbrachial arcs. 
Kays five, short, stout, lanceolate or petaloid. 

Abactinal area devoid of a preservable skeleton. For this reason 
when this side is at hand it is nearly always mistaken for the actinal, 
BO nearly alike are the two. 
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Hadreporite unknown. 

Adambulacral plates with granular surfaces, few in number, never 
more than 17 in a column, subquadrangular and thick, greatest width 
about the middle of the rays, rapidly diminishing in size distaUy and 
making the margin of the rays and disk. The great proximal adam- 
bulacrals are the orak, occupying the axils in pairs, acutely triangular, 
more or less pointed, and terminating orally. 

Ambulacral plates large, directly opposite one another and the 
adambulacrals as well, H -shaped, with the widest portion in the per- 
radial center of the rays; there are as many as 16 or 17 ambulacrals 
in a column. Laterally each plate is more or less excavated, both 
distally and proximally, thus leaving very large, subcircular podial 
openings. 

Spines of any kind are so far unknown. 

GenoTiolotype (the first species and the one selected by subsequent 
workers). — Stendster saUeri Billings. 

Remarks. — ^This genus has not had a good standing, due lai^ely 
to the fact that PdUeaster Hall was poorly known when Billings 
described Stenaster and further because he included two distinct 
generic types in his genus. A careful reading of Stenaster, however, 
reveals that Billings actually based his genus on S. salteri, the first 
form following the generic description, and tliis selection has been 
foUowed since. Later on, McCoy applied the name UrastereUa in 
a loose manner to the second species (Palseaster pyJcheUus), and 
although it is a form of this genus it is not the genotype. Hall (1 868} 
directed attention to this work of McCoy, but erroneously assumed 
that all of Steruister was synonymous with TJrastereOja. It is true, 
as stated by Hall, that Billings's second species is congeneric with 
UrastereUa, but the first species and genotype is certainly quite dis- 
tinct from McCoy's genus. Sturtz (1890) also points out the same 
thing and gives a short and emended diagnosis of " UrastereUa 
(Stenaster) J ^ In 1893 the same writer applied McCoy's name 
UrastereUa to Stenaster salteri and made S. puUlieUus the genotype 
of UrastereUa, a proceeding that violates the rules of nomenclature. 

Stenaster as here restricted differs from UrastereUa in being more 
decidedly rigid and not so flexible as t]ie latter, while tiie rays are 
far shorter and petaloid in form. For these reasons, Stenaster has 
comparatively few adambulacrals and ambulacrals, while there are 
many more of these ossicles in UrastereUa. I^ally, the former 
reveals no abactinal plates or spines of any kind, whUe the latter 
has a skeleton of small plates tliat terminate in long inarticulate 
spines or rods. 

Actinally Stenaster is closely related to Tetraster, and the only 
marked difference is that the former has petaloid rays and more 
pronounced adambulacral oral jaws. 
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There would be no need to point out here the diflFerence between 
such distinct genera as Stenaster and PalseaMer were it not that 
Hall regarded the former as a synonym of the latter. In Stenaster 
the rays are petaloid and not slender and regularly tapering, as in 
Palxaster. The most marked distinction, however, is the fact that 
these two genera belong to different orders, for Palaeaster has columns 
of inframarginals that are completely absent in Stenaster. Further, 
in the last-named genus, the interbrachial areas are made up* each 
of two pairs of oral armature pieces, while in Palxaster there are, 
distally to these, additional large single axillary interbrachiak. 

Stenaster and the related genus Tetra^ter are very primitive in 
construction. Actinally they are seen to have the structiffe of 
Hudsonaster minus the inframarginal columns and the single axillary 
interbrachials. It is this difference that makes the former genera 
members of the order Cryptozonia, while Hvdsonaster is the most 
primitive of Fhanerozonia. Until the abactinal area is known in 
Tetraster and StenaMer, positive phyletic relationship can not be 
stated, but in a niunber of specimens of the latter genus the evidence 
at hand indicates decided specialization through the complete removal 
of the heavily plated skeleton of Hudsonaster. 

Distrihttum. — Ordovicic of America. The following are the 
known species: 

S. salteri Billings. Black River and Trenton. 

S. (?) ohtasus (Forbes). Bala of Ireland and Wales. 

S. (?) coroneUa (Salter) . May Hill sandstone (Siluric) of England. 

S. (?) conjluens Trautschold. Upper Carboniferous of Russia. 

STENASTER SALTERI BUlinci. 

Plate 32, fig 1. 

Stenaster idUeri Bilunob, Geol. Surv. Canada, Can. Oig. Rem., dec. 3, 1858, 
p. 78, pi. 10, figs, la, 16.— Wright, Mon. British Foes. Echinod., Oolitic, 
vol. 2, pt. 1 (Palfleontogr. Soc. for 1861), 1862, p. 28, fig. 15 (2) on p. 24. 

Original description. — "This species has rather short, broad rays, 
which are narrower where they are attached to the very contracted 
body than they are at about the center of their length. In conse- 
quence of this form, the sides of the rays are not parallel, but a little 
curved outward. As however only two specimens have been col- 
lected, and both appear to be a little flattened by vertical pressure, 
it may be that this leaflike shape of the rays is accidental [an 
abundance of specimens show this form to be the natural one]. 
* ♦ * The adambulacral plates are oblong [granular and from 7 
to 17 in each colunm in the smallest and largest examples], and 
the sutures between them are nearly at right angles to the ambu- 
lacral grooves; those next the body are a little sloping outward. 
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Their length is about twice tiieir breadtii, and they are so disposed 
that the greater dimension is transverse or at right angles to the 
groove; the extremities which lie next to the grooves are angidar, 
and some of them appear to have the contiguous pores partly exca- 
vated in them. The oral plates [adambulacrals] are acutely triangu- 
lar, the sharpest angle being toward the mouth [and form the inter- 
brachial areas]. The plates are smooth [the adambulacrals are all 
distinctly granular]. The ambulacral pores are very lai^e, and the 
ossicles are much contracted in the middle and greatly expanded 
along the median line of the bottom of the groove." These plates 
are directly opposite one another and tlie adambulacrals, and m 
number equal those of the latter. 

The t3rpe-specimen figured by Billings measures: R»14 mm., 
r»3.5 mm., R»4r. Width of a ray at base about 4 mm., at about 
mid-length 5 mm. The largest specimen: R«20 mm., r»4.5 mm. 

In the University of Toronto there is a specimen that in every 
way, except one, has the characters of Stenaster saUeri. It was 
found associated with many other individuals at Kirlsfield. It 
differs from its associates in having what appears to be a distinct 
disk, rather large, with concave sides, filling in the spaces between the 
rays. One loolcs in vain, however, for plates or spines, as the inter- 
brachial areas are nothing more than an amorphous mass of cal- 
cium carbonate. These areas are very distinct and stand out prom- 
inently, but because they do not reveal any plated or spinif erous struc- 
ture the writer regards them as false characters, produced during the 
permineralization of the specimen. This conclusion is further sup- 
ported by the fact that otherwise the characters are those of S. 
sdlteri. 

Formation and locality. — ^Three specimens (the typey No. 1398, and 
two fragments) are from the Trenton limestone at Belleville, Ontario, 
and are now in the lifuseum of the Canadian Survey. Another 
specimen in that museum is on the same slab with Petragter rigidus 
and has been labeled Palseaster matutina. In Mr. Ulrich's collection 
there are four isolated rays of this species obtained by him from the 
Black River limestone at Curdsville, Kentucky. A further specimen 
preserving two rays, from Oovemment House Bay, Ottawa, was found 
by Mr. Walter R. Billings. In the Museum of Comparative Zoology 
there is still another individual which appears to be of this species; 
it was found by Mr. J. B. Perry at Panton, Vermont. Finally, an 
abundance of material was obtained in the Black River limestones 
at Eirkfield, Ontario; there are more than twenty specimens from 
this locality in the Walker collection of the University of Toronto, 
gathered by Mr. Townshend. 

Cat. No. 60628, U.S.N.M. 






BSVISIOK OF PALBOZOIC STKLLSBOmBA* 167 

(?) 



AMUrin priwuBva Salter and Sowbrbt, Quart. Jour. Ckol. Soc. Londtm, vol. 

1, 1845, p. 8, 20 (taUe) (iM»un niuftim). 
DroMter oUunu Fobbbs, Mem. Geol. Surv. Gt. Britain, vol. 2, pt. 2, 184S. p. 463; 

If em. Geol. Surv. United Kingdom, dec. 1, 1849, p. 2, pi. 1, fig. 3. — ^MuRcni- 

BON, Siluria, 1854, p. 182, fig. 17. 
PdhuuUr cbhmu Saltbr, Ann. Mag. Nat. Hist, ser. 2, vd. 20, 1857, p. 326.—- 

Wright, Man. Britiah Fosb. Echinod., Oolitic, vd. 2, pt. 1 (Pidoeontogr. 

Soc. for 1861), 1862, p. 24.— Saltbr, Mem. Geol. Surv. Gt. Britain, vol. 3, 

1866, p. 289, pi. 23, fig. 1. 
StenoMter (?) obtiuua StUbtz, N. Jahrb. far Min., etc., 1886. vol. 2. p. 153; Verb. 

naturh. Ver. preuBs. Rheinl., etc., vol. 50, 1893, pp. 41, 56. 
SUmuUr chtuaxa Spbncbr, Mon. Brit. Pal. Asterosoa, pt 1 (PalsDontogr. Soc. for 

1913), 1914, pp. 22, 23, 31, text fig. 21, pi. 1, figs. 6, 7. 

The little that is knowo of this species appears to be in harmony 
with the characters of Stenaster as here defined. It occurs in the 
Caradoc beds (Ordovicic) at Drumcannon, Waterford, Ireland, and 
m the Bala rocks west of Bala Lake (I^foel-y-Gamedd), North Wales. 

8TENASTBR (?) CORONELLA (Salter). 

PaUeaster corondla Saltbr, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, p. 326.— 
Wright, Mon. British Fobs. Echinod., Oolitic, vol. 2, pt. 1 (Palnontogr. 
Soc. for 1861), 1862, p. 26. 

StenoBler (7) conmella StOrtz, N. Jahrb. fttr Min., etc., 1886, vol. 2, p. 153. 

The description of this species is very short and almost nothing is 
known of its characters. It occurs in the May Hill sandstone (Siluric) 
at Gunwick Mill, Malvern, England. 

STBNASTBR (?) CONPLUBNS Tnutfchold. 

Stenaster confiuens Trautschold, Nouv. M6m. Soc. Imp. Nat. Moscou, vol. 14, 
1879, p. 11, pi. 2, fig. 5. — Sch5ndorf, Paleeontographica, vol. 66, 1909, p. 337. 

Based on a fragment of the distal part of a ray. Appears to be 
a cryptozonian. Generic position unknown. From the Upper Car- 
boniferous (Moscovian) of Moscow, Russia. 

Genus TETRASTER Nicholson and Etheridge (emend.), 

Plate 33, fig. 4. 

TetmOer Nicholson aiid BrHBRXDOE, Man. SUurian Foes. Girvan Dut., AynhiM, 
iasc. 3, 1880, p. 324, pi. 21, figs. S-8 (not figs. 1-2'm HudtofuuUr batheri, and 
9-10« UratUreUa gvrvaneniU). 

The name has reference to the four columns of actinal platen of 
the rays. 

Remarks. — The authors of Tdraster distinguished their genus from 
PalaeKuUr on the ground that it had on the actinal side but four 
columns of {dates, while that genus as typified by P. mattttiniis, now 
BuisanasUr matutinus, has six. In this definition they are correct, 
but they oonqdicated their good intentioDs not only by referring to 
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Tetraster another Cryptozonia form (Urasterdla girvanensis, new 
species)i but also by confusing with their genotype specimens that 
certainly have the character of Palseaster so far as six columns of 
actinal ossicles are concerned. This latter admixture the writer has 
taken out of the genotype and has described it in this work as Hudsovr 
aster haiheri. The adjusting of this matter has been made possible 
through the kindness of Dr. Bather, who made for this work wax 
squeezes of the various specimens. After seeing these and the other 
material originally referred to TetraMer by Nicholson and Etheridge, 
their various drawings became clear. Their figures are fairly good, 
but in places do not bring out all the characters, but it was the 
mixture of three generic forms under TetraMer that made it for a time 
impossible to determine on what the genus should stand. 

Emended description, — Small, five-rayed asterids, R = about 6 mm., 
r= about 2 mm. Abactinal side unknown. Actinally convex and 
in its general expression reminding much of living species with lai^ 
marginals, but in Tetraster the comparatively massive margining 
plates are adambulacralia. 

Adambulacrals compose the entire outer actinal areas of Teirasier 
and margin the entire animal. Distally the pieces are small and the 
12 ossicles of each colunm increase rapidly in size with the largest 
basal pieces of adjoining columns making the prominent interbrachial 
areas. Ambulacrally all are somewhat excavated, stand high above 
the furrow and each ossicle terminates in a ridge that joins those of 
the ambulacrals. All of these plates are abundantly granular. 

Ambulacral furrows not wide but rapidly becoming very deep 
proximaUy, with excavated adambulacral sides. The columns meet 
in front of the two largest interbrachial adambulacrals. Podial 
openings are large and issue deeply from beneath the adambulacrals 
and between the lateral sutures of the ambulacralia. The pieces of 
the ambulacral columns are as many as there are adambulacrals and 
are placed directly opposite one another. Medially the ambulacralia 
are elevated, roof-like, and without a central gutter. 

While the abactinal area is unknown, it appears that the adambu> 
lacrals abo margin this side of the animal. The nature of the skele- 
ton inside of these columns may be of small pieces as in UrastereUa^ 
or, what seems more probable, consist of large radial and supramar- 
ginal ossicles, without accessory pieces. 

Spines of any kind are unknown. 

Genoholotype. — Tetraster wyville4homs<mi Nicholson and Etheridge 
as above emended. T, (?) irnhricatus (Salter) is also placed under 
this genus for the present. 

Tetraster as now defimied is so distinct in its great adambulacral 
development that it will not be confused with any other Paleozoic 
genus except Stenaster. Both genera, so far as the actinal area is 
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conoemedy are closely related. The differences, however, are worthy 
of generic rank. In Stenaster the rays are petaloid, with the adambu- 
lacrals largest at the mid-length of the rays, while in TetrxLster the 
rays are triangular, with the greatest ossicles in the axils. 

At first the genotype looks as if one had a direct representative of 
living Phanerozonia, but a little study quickly shows that the large 
actinal margining plates are not marginals or inframarginals, but 
adambulacrals, and therefore indicate a cryptozonian form. For a 
while it seemed that these large plates must be inframarginals, but 
then adambulacrals should be present, and they were looked for 
along the vertical ambulacral walls, but even here there are no 
diminutive pieces of these columns. Among Paleozoic asterids the 
writer has not seen a form without adambulacrals, and when there are 
but four actinal columns it is always the inframarginals that are 
diminutive or absent. 

This species maybe identical with T. (?) imhricatus (Salter), 
which see for further remarks. 

Distrilmtion. — Restricted to the Upper Ordovicic at Thraive, Gir- 
van, Scotland. The specimens occur as very sharp natural molds in 
a micaceous sandstone, from which good wax squeezes can be made, 
revealing all the skeletal characters. The originals are in the coUec- 
tion of Mrs. Robert Gray, Edinburgh, Scotland. 

TBTRASTER (?) IMBRICATUS (Salter). 

Palseaster iTribncattis Salter, Mem. GreoL Surv. Gt. Britain, vol. 3, 1866, p. 
289, pi. 23, fig. 8. 

OriffinaZ description. — "P. rigidus, uncialis. Eadii breves conici, 
nee ad basin valde expansi, subcarinati, tuberculis seu jugis obliquis 
remotiusculis asperi. 

''Ray conical, its length about five lines, its breadth at base less 
than two lines. Only two rays are preserved; these are convex, 
slowly tapering, somewhat carinate above (we do not see the lower 
side), and ornamented by tubercles gathered into curved obUque 
rows, which run forward from the avenues toward the carina above, 
and are separated from each other by a space little more than their 
own breadth. 

''Locality: Caradoc rocks, Llanfyllin, Montgomeryshire [Wales]. 
The specimen is in the collection of Mr. Prosser." 

Remarks. — ^As the writer has not seen the holotype, his conclusions 
are based on the lithographic figure, which adds but Uttle knowledge 
to that in the description. As there are but two columns of dorsal 
ray plates, it hardly seems that the species is a phanerozonian. In 
general it looks most Uke Teirasiery but as the dorsal side of this 
form is unknown, no direct comparisons can be made between them. 
On the other hand, the imbrication of the plates, their large size, 
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and completely opposite arrangement suggest that T, (f) irribricatus 
may be an anluroid. Until the original specimen is restudied no 
definite assignment can be given it. 

MONASTERIDiE, new family. 

Progressive but primitive five-rayed Cryptozonia, with massive 
plates, especially the adambulacrals, which are common to the actmal 
and abactinal areas. Ambulacrals opposite. Interbrachial areas con- 
sist of a number of pairs of adambulacrals crowded orally Abacti- 
nally the radial and supramarginal colunms consist of large, closely 
adjoining plates, and are similar to those of Hudsanaster. 

Contains: 

Monaster Etheridge. 

Genus MONASTER Etheridge. 

PalmaUer (MoruuUr) Etheridge, jr. (part), Mem. Geol. Stirv. New South WaleB, 

P&l., No. 5, pt. 2, 1892, pp. 70, 71. 
EtheridgaUer Gregory, Geol. Mag., dec. 4, vol. 6, 1899, p. 353 (genoholotype, 

Pcdaeaster clarlei). 

Emended description. — ^Animal large, very stout, with five thick 
petaloid rays. Disk very large, with marked ray angles. 

Abactinal area of rays with prominent radial, and supramarginal 
colxmms of large, contiguous, strongly convex, hexagonal plates, 
densely covered with small granides radially arranged. The ossicles 
of the radial colunms alternate with those on each side and are largest 
in the mid-length of the rays, decreasing in size both distally and 
proximally, but most rapidly distally. This growth gives the ray 
colunms a decided petaloid form. Outside of the supramai^inals the 
animal is bounded by single colunms of prominent, short, but very 
wide plates, which are the abactinal aspect of the actinal adam- 
bulacrals. These plates bear numerous spiniferous tubercles. The 
ossicles of the axillary disk region are not determinable. In the center 
of the disk there appear to be five distinct radials and a central disk 
plate, and aroimd these probably were numerous small accessory 
pieces. 

Madreporite abactinal, large, oval, radially striate, and situated 
near the axillary margin. 

Actinally the rays consist almost entirely of the adambulacrals, 
which are numerous, abundantly tuberculate, short, and very wide. 
These coltimns increase rapidly in width, join and form angular 
axillfle, and leave between themselves deep petaloid ambulacral 
grooves. The interbrachial areas consist of the oral extensions of 
adjoining columns of adambulacrals, of which there are a great num- 
ber of pairs, terminating in the mouth in five small pairs, the oral 
armature. 
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Ambulacrab in two columns, oppositOi short but wide, and about 
as numerous as the adambulacrals. Podial openings unknown. 

Genoholotype. — Palaeaster clarkei De Koninck. This is also the only 
species of MoTuister and occius in the ''Upper and Lower Marine 
series" of the "Permo-Carboniferous" of New South Wales. 

Remarks. — ^Mr. Etheridge proposed Monaster as a subgenus of 
Pdxasterj from which it differs so radically as to give it easily the 
rank of a genus. He defines the group as follows: In PcHseaster " the 
adambulacral plates, bordering the ambulacral avenues, are small 
and quadrangular, followed by large transverse marginal plates. In 
our Permo-Carboniferous species, *on the contrary the adambulacral 
plates are transversely elongated, and occupy nearly the whole of 
the actinal surface on each side the avenues. The marginal plates 
[having reference to the plates along the margins which consist of 
adambulacrals, and also form part of the abactinal skeleton], in con- 
tradistinction to those of Hall's Silurian species, are here smaller and 
subdorsal in position. The question now presents itself, of what value 
in a classificatory sense is this character t Hall lays particular stress 
on the position of these plates on the actinal side of Palaeaster. He 
says it 'has two ranges of plates on each side of the ambulacral 
groove; marginal [inframarginal] and adambulacral plates on the 
lower side, besides ambulacral or poral plates. The upper or dorsal 
side has three or more ranges of plates.' In the case of our specimens, 
only one set of plates, excepting those of the ambulacral grooves, 
are, as before stated, absolutely actinal; the marginals [same usage 
as before] are strictly so, or, at the least sub-dorsal. Under these cir- 
cumstances, I purpose distinguishing our Australian species under 
the subgeneric name of Monaster (from the one or single row of 
adambulacral pl&tes on each side of an ambulacral avenue)." 

The original definition is here given at length to show that it can 
only apply to the structure in PaUsaster darkei De Koninck, which 
is also the first species following the generic discussion. The author 
m the same work describes a new species which he also refers to 
Monastery Paheaster {Monaster) giganteus, but its structure is radi- 
cally different and does not conform with the subgeneric definition 
by Etheridge. Elsewhere in this work it is taken as the genotype of 
the new genus Australaster. Gregory in the serial above cited takes 
as the genotype of Monaster the last named species, the third of 
Etheridge, and transposes the former as the genotype to his new 
genus Etkeridgaster. This the writer holds can not be done even 
though Etheridge selected no genotype for Monaster. That author's 
genotype, as the name implies, refers to a species with but a single 
coliunn of plates on each side of the ambulacrum. The species selected 
by a subsequent author should have the structure implied in the 
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original generic definition and when none actually applies, then the 
first species following the generic dii^osis. That Gregory fully 
appreciated the structural difference between PaiUeaster darkei and 
P. (if.) gigarUeus is shown in his reference of the former to the order 
Phanerozonia and the latter to the Cryptozonia. Our disagreement 
is not as to structure but in the interpretation of the rules of nomen- 
clature. Under these circumstances P, clarkei is retained as the geno- 
type of Monaster, since it appears that P. giganteus has both infra- 
marginals and adambulacrals on the actinal side, a structure quite 
different from that described for and present in Monaster Etheridge. 

After the above was written in I'^OO, the writer explained by letter 
to Professor Etheridge what Gregory had done. Etheridge replied 
under date of June 6, 1900: ''The laws of zoological nomenclature 
should have guided Doctor Gregory to have selected the first specie 
described, as the subgeneric type, in the absence of any statement to 
the contrary on my part. As you say, Etheridgaster is certainly a 
synonym of Monaster." 

Monaster is most like Hudsonaster. It retains the primitive pon- 
derous skeleton of the latter, but curiously has lost the inframarginal 
columns of ossicles, although the supramarginals are present. 

MONASTER CLARKEI (De Konlnck). 

Palxaster clarkei De Koninck, M6m. See. roy. Sciences, Li^, ser. 2, vol. 2, 1877, 
p. 166, pi. 7, figs. 6, 6a; (David), Mem. Geol. Sunr. New South Wales, Pal. 
No. 6, 1898, p. 127, pi. 7, figs. 6a, 66. 

Palxaater (Monaster) clarkei Etheridge, jr., Mem. Geol. Surv. New South Wales, 
Pal. No. 5, pt. 2, 1892, p. 71, pi. 14, figs. 1, 2; pi. 15, fig. 4. 

Etheridgaster clarkei Gregory, Geol. Mag., dec. 4, vol. 6, 1899, p. 353. 

Of this species three natural molds have been foimd in the "Upper 
Marine'' and "Lower Marine'' series (Carboniferous) of Northum- 
berland Coimty, New South Wales. The holotype in the Clarke 
collection was destroyed by fire. 

The species attained a large size, the rays from the center of the 
disk to their extremities are not less than 5 cm., and in another 
specimen are 6.5 cm. 

URASTERELLIDiE, new family. 

Taeniasteridss Gregory (part), Geol. Mag., dec. 4, vol. 6, 1899, p. 351 (includes 

Taeniasterf fStenaster, UrastereUa, Protasteracanthiony Salteraster), 
Roemerasterinse Gregory, Treat. Zool., vol. 3, Echinoderma, 1900, p. 255. 

Specialized Cryptozonia, with alternate ambulacra, and with adam- 
bulacral type of oral armature. Rays five, rather flexible, long and 
gently tapering, proxdmally imited without forming interbrachial 
areas. No inframarginals discernible as such at maturity, the actinal 
margin being occupied by well-developed adambulacrals. Abactinal 
area composed of numerous small plates arranged in columns and 
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qTiincunx. The radial and supramarginal columns may be dis- 
cernible in somewhat larger plates. Adambulacrals many, like coins 
set on edge. 
Contains: 

UragtereUa McCoy. 

Genus URASTERELLA McCoy (emend.). 

Plates 27 to 30. 

UroMtereUa McCoy, British Pal. Foss., 1851, p. 59 (not defined).— Hall, Twentieth 
Kept. N. Y. State Cab. Nat. Hist., 1868, p. 289; rev. ed., 1868=1870, p. 332.-^ 
McCoy, Geol. Surv. Victoria, dec. 1, 1874, p. 42. — ^Zittel, Handb. Pal.j 
vol. 1, 1879, p. 453.— SrtJBTz, N. Jahrb. fttr Min., etc., 1886, vol. 2, p. 152; 
Falffiontographica, vol. 36, 1890, p. 219.*— Gregoby, Geol. Mag., dec. 4, vol. 6, 
1899, p. 352. 

Stenaster BnxiNos (part), Geol. Surv. Canada, Can. Org. Rem., dec. 3, 1858, 
p. 77. — SriJBTz, Verh. naturh. Ver. preuss. Rheinl., etc., vol. 50, 1893, 
pp. 40, 56. 

JRoemenuter SrftRTZ, Pal^eontographica, vol. 32, 1886, p. 85 (genoholotype, Asterias 
asperula Boemer); vol. 36, 1890, p. 220; Verh. naturh. Ver. preuss. Bheinl., 
etc., vol. 50, 1893, pp. 52, 73. 

Protatteracanthion StIjrtz, Palfieontographica, vol. 32, 1886, p. 90 (genoholotype, 
P. primuB Sti!Lrtz= Asterias asperula Roemer); Verh. naturh. Ver. preuss. 
Rheinl., etc., vol. 50, 1893, pp. 54, 75. 

PdkuUracamihion StI^btz, N. Jahrb. ftkr Min., etc., 1886, vol. 2, p. 153 (genoholo- 
type, **A. primus*' ^Asterias asperula Roemer). — SrttBTz, Verh. naturh. Ver. 
preuss. Rheinl., etc., vol. 50, 1893, p. 75. 

Saiteraster Stx^btz, Verh. naturh. Ver. preuss. Rheinl., etc., vol. 50, 1893, pp. 
43, 60 (genoholotype, Palasaster asperrima Salter). 

fEoaetis Spbncbr, Mon. Brit. Pal. Asterozoa, pt. 1 (Palseontogr. Soc. for 1913), 
1914, p. 30 (genoholotype, E. simplex Spencer=f Urasterella girvanensis). 

Generic characters. — ^Disk very small, without interbrachial arcs. 
Rays five, very long and slender at maturity, but shorter and rapidly 
tapering when immature. 

Abactinal side with very numerous small stellate plates, all of 
which, excepting one or three medial columns, are drawn out into 
more or less long, blunt, stout, erect, nonarticulating rods. The disk 
is occupied by a central plate and a first ring with five plates, which 
in some species are seen to be the basal radial plates, followed by a 
second ring with 15 plates. Five of the latter are the second proximal 
radial plates, and 10, basal plates of the supramarginal columns. 
Between the central plate and the first ring there may be inserted a 
few accessory, much smaller pieces. These disk ossicles may remain 
more prominent throughout life or may have the size of the other 
abactinal plates, in which case their arrangement is not plainly made 
out. In the center of the ray the adial column may be the more 
conspicuous throughout life or it may be more or less completely 
suppressed when the supramarginals adjoin and these may then 
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be the more prominent columns. Or the entire abactinal area of thd 
rays may be composed of ossicles arranged in columns and in 
quincunx when the plates are of nearly equal size. The number of 
columns varies with age and in different species, the greatest number 
observed being 13 at the base of a ray. 

Ambital plates often not readily distinguishable at maturity from 
the radial and supramarginal columns. The growing distal tips of 
the rays of UrastereUa have no ambital plates, but shortly after their 
introduction they begin to develop the rodlike extension so charac- 
teristic of this genus. Of these columns there may be as many as 
foiu: at the base of a ray on each side of the supramarginals. 

Inframarginals, as such, usually not distinguishable at maturity 
from the ambitd plates. Their position is rather abactinal than 
actinal. At the distal end of rays, however, these plates lose their 
ambital character, passing over somewhat to the actinal side, and 
closely adjoin the adambulacrals. In the young of U. ubrichi the 
inframarghials are well developed in the axillary r^ons and here 
there is also a single interbrachial marginal plate. More distally, 
however, the inframarginals have the character of the ambital plates. 
In none of the mature specimens have been seen well-developed or 
larger axillary inframarginals or interbrachial marginal plates. In 
TJ. asperula the axils have actinally single plates which may be 
remnant inframarginals. 

Madreporite abactinal, of medium size, slightly convex, depressed 
and granulostriate. 

Adambulacral plates very numerous, coin-shaped, and arranged on 
edge with the actinal surface pustulose. Each plate on its actinal 
surface bears two or three short, thick spines, and on its ambnlacral 
side there is another similar spine. Along the outer edge of these 
plates toward the abactinal side there is another row of spines, in 
pairs, which are long and slender, flat, and longitudinally grooved 
on two sides. The adambulacral columns terminate in small tri- 
angular plates of the oral armature. In the young of U. vlrichi five 
very stout, short, pointed spines (tori) are inserted inside of the plates 
of the oral armatiu'e. 

Ambulacral columns with the ossicles generally slightly alternating^ 
but they may also be opposed, one plate to each adambulacral piece, 
more or less wedge- or club-shaped, and those of each column par- 
tially overlapping. Medially the columns loosely adjoin. Each 
plate is excavated laterally, along the proximal edge, leaving a more 
or less long, slender podial opening between adjoining plates. 

Oenoholotype. — Uraster ruffiveni Forbes. The above diagnosis, 
however, is based on Stenaster grandis Meek, a form thought to be 
in generic harmony with the genotype. 
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Distribution, — The species oocur in North America and Europe and 
range from the Qrdovicic to the Upper Carboniferous. The following 
are the known species: 

U. puUAeJla (Billings). Trenton. 

U. grafidis (Meek). Richmond. 

U. husdeyi CBiUings). IChazy. 

U. ulriehi, new species. LowviUe. 

U. girvanensis, new species. Upper Ordoyidc of Scotland. 

U. (f) (tsperrima (Salter). Bala of Wales. 

U. (f) constdUUa (Thorent). Siluric of France. 

U. rutJiveni (Forbes). Ludlow of England. 

U.hirudo (Forbes). Ludlow of England. 

U. sdwyni McCoy. Siluric of Australia. 

U. asperula (Roemer). Lower Devonic of Grermany. 

U.f new species. Ithaca beds. Upper Devonic. 

{7. montana (Stschurowsky). Upper Carboniferous of Moscow, 
Russia. 
Remarks. — ^McCoy in suggesting the name UrastereHa did it in the 
following words: 

''Before I was aware Prof. E. Forbes had described them it seemed 
to me that the 27. [raster] Buthveni and U, Hirvdo^ as well the similar 
American species, might be easily separated from the great stai- 
fishes forming the recent genus TJraster, by their small size and much 
more simple skeletons, and I had named the genus Urasterdla in my 
manuscript." 

This is all that McCoy did to establish the genus TJrastereHa, 
abandoning his manuscript definition on .leamiug that Forbes had 
described the species as those of Uraster. Salter^ in 1857 paid no 
attention to this name, although he was the first to recognize and 
define PdlcLsterina, which McCoy proposed at the same time and in 
the same manner. It seems that Hall (1868, p. 332) was the first 
to revive the name UrastereUa and regarded Billings's Stenaster as a 
synonym by taking his second species, S. pvlcheUa, as the genotype. 
HaU's remarks are as follows: ''Mr. Salter, apparently overlooking 
my description of PaUeasier niagarensis, has placed both the above- 
cited European species [ Uraster ruihveni and U. Mrvdo] imder PalsB- 
aster, as defined by himseU; but as it has been shown that this genus 
has two ranges of plates on each side of the ambulacral groove, these 
forms can not with propriety be arranged with typical Pal»asters. 

" There was the same reason for adopting the generic term Uras- 
tereUa as for adopting Palasterina, both of which were proposed by 
McC!oy at the same time, and the typical forms of each were specified. 
Mr. Salter has for some reason recognized the genus Palaeaster pro- 

^Axm. Hag. Nat. Hist., ser. 3, vol. 30, 1857, p. 335. 
50601'— BulL 88— IB 12 
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posed byme a little earUer, but probably published after that of McCoy; 
and has given the two species of Urasterella to that genus. Now 
that there seems no reason for continuing them under that generic 
term, they should be restored to their proper position as indicated 
above. The two species of Forbes must either be placed under 
Urasterella as proposed by McCoy, or fall imder the later genus 
Stenaster of Billings. Were the latter genus of my own proposing 
I should nevertheless return to Urasterella, and I have no doubt 
that Mr. Billings will accord with this view." 

Palsecbster pulcheUus is a true Urasterella, but this does not make 
the genus Steruister a synonym of UrastereUa, since 8, saUeri Billings 
has quite another structure and is here accepted as the genotype of 
Stenaster. 

Meek^ also recognizes McCoy's name, but because of certain pecul- 
iarities in S. saUeri, which he recognizes as the genotype, and also 
since he had not seen the dorsal side of McCoy's S. grandis, he prefers 
to retain Stenaster for the latter. 

McCoy returned to his genus in 1874, after going to Australia, and 
described a new form, U. sebjoyni. It is important to quote here 
his remarks: 

'* Genus Urasterella QIgCoj)^ Stenaster (Billings). 

*'Gen. Char.: Small starfishes, with five moderate rays, narrowed 
at the base, and without disk. Ambulaoral grooves narrow, bor- 
dered on the under side, with only one row of large (adambulacral) 
plates;- no marginal plates. Upper surface with numerous rows of 
small tubercular plates. Confined to Silurian rocks. 

'The late Mr. Salter and Mr. Billings refer the starfishes of this 
type to the subsequently published genus PalseaMer of Hall; but, 
as Prof. Hall objects that his genus Palseaster has ambulacral, adam- 
bulacral, and marginal plates, and the types of my genus U. ruthveni 
and U. Mrudo of the English Ludlow rock, like our Australian species 
and the American Paheaster or Stenaster jyidcheUa, have only one row 
of plates on each side of the ambulacral groove, I return to the use 
of my old generic name." 

ZitteP says thsLt Stenaster is a synonym for Urasterella and defines 
the latter genus. Sttirtz' points out the errors in the diagnosis of 
Billings and that of Zittel, redefines the genus, and correctly states 
that Stenaster Billings contains species of two genera, that is, Sten- 
aster saUeri, the genotype of Stenaster, and S. pvlchdla, which he refers 
to Urasterdla. In this way the genus Urasterella has come to be 
recognized. 

The figure and description of Uraster ruOiveni given by Forbes* 
appears to be of a species generically identical with the American 

1 Pal. Ohio, vol. 1, 1873, p. 67. * Pabeontognphica, vol. 36, 1890, p. 219. 

sHaodb. Pal., voL 1, 1879, p. 453. ^British Org. Bern., dao. 1, 1849, p. 1, pL 1, fig. 1. 
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Siefiaster ptdchdluB Billings and this is the general consensus of opinion. 
The writer unfortunately had no material of the genotype of TJras- 
ierdla for study. However, since U. grandis is closely related to U. 
pylcheHa and shows so much more detail, it is here accepted as the 
genotype for the time being. 

Professor EEall (1870) wrote: ^'laStenaster^ UrastereRa, however, 
we have the absence of adambulacral plates." This is nevertheless 
not the case, for the coin-shaped marginal series in S. pvlchellus are 
the ambulacral plates, since well-developed inframarginal plates, as 
in PdheaMeTf are absent in matiure TJrasiereHa. The inframarginals 
are, however, seen to be present in V, pidcheUa or in the distal ends 
of the rays in other species, though proximally they are so modified 
as not to be readily distinguishable from the ambital plates. In the 
axib of the young of U. virichi the inframarginals are well developed, 
along with single interbrachial marginal plates, but in mature speci- 
mens of other species none have been seen. 

Of BoemeraMer the writer has seen three excellent specimens skil- 
fully prepared by Sturtz which clearly show that this genus has the 
generic structure ^f Urasterdla. Sturtz* describes this genus as 
having "strong marginal plates" inside of the "small, cornered adam- 
bulacrals." Our specimens do not show such plates, and if present 
they can not be adambulacrals. This fact can be demonstrated 
in a well-preserved distal end of a ray, where two columns are present 
on each side of the ambulacrals. The innermost colunm of closely 
adjoining plates increase in size, retain their position beside the ambu- 
lacrals, and become the most prominent of the entire animal, while 
the outermost column soon change in aspect, the plates become 
separated and assume the characters of the ambital pieces. This 
is likewise true in the young of U. virichi where the axillary areas 
also have distinct interbrachial marginal and two larger proximal 
inframarginal plates. Passing distally, the latter also soon change 
their form, are separated one from another and are not distinguish- 
able from the ambital plates. Sturtz further describes and figures 
five interbrachial ossicles in mature UrastereUa aspenila which are 
also well developed in the young of U. virichi. TJrastereUa is an 
easily recognized genus and the triangular ambital plates drawn out 
into short blunt erect rods are peculiar to it, a character again re- 
peated in Roemerdster, Under these circumstances the latter appears 
to be indistinguishable from UrastereHa, For other remarks see 
U. asperula. On the other hand, Gregory regards Roemeraster as a 
good genus and places it erroneously among the ophiuridlike asterids 
in the family Taeniasteridse. 

1 Vflrh. natnrh. Ver. preoss. Rhelnl., etc., vol. 50, 1883, p. 52. 
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In regard to ProtcLsterdcanthion Sturtz, see remarks under Uras- 
terdla asperula, and for SaUeraster Stilrtz see TJ. asperrima. 

UrastereHa di£Pers from StenaMer as redefined in this work in haying 
long, slender, flexible rays which are never short and petaloid as in 
the latter genus. Again, the adambulacral pieces of Urasterdla are 
very numerous, thin, and coin-shaped, while in SteruiMer they are few 
in number and comparatively thick; the ambulacral plates are 
wholly different. 

The long, slender and flexible rays, the apparent absence of in- 
framarginal columns, and the absence of distinct interbrachial 
plates (these are not the same as the single axillary pieces seen in 
U. asperula) at maturity readily distinguish this genus from all other 
Paleozoic genera. 

For the origin of UrastereHa see U, vlrichi. 

Eoactia. — ^After this book was completed appeared the work of 
Spencer, with the new genus Eoddis, It is probable that the genus 
is good and can be distinguished from VrastereUay but the necessary 
comparisons can not now be made. 

URASTERELLA PULCRELLA (BlUinsi). 

Plate 28, figs. 3, 4; plate 30, fig. 5. 

* 

PaUeaater puMellus BniJNGS, Geol. Siurv. Canada, Rep. Progress for 1853-1856, 

1857, p. 292. 
Stenaster palchellus Bhiinos, €reol. Surv. Canada, Can. Ozg. Rem., dec. 3, 1858, 

p. 79, pi. 10, fig. 2.^Wbioht, Mon. British Fobs. Echinod., Oolitic, vol. 2, 

pt. 1 (Palaeontogr. Soc. for 1861), 1862, p. 28. 
Urasterella (Stenaater) pulchellu8 Hall, Twentieth Rep. N. Y. State Cab. Nat 

Hist., 1868, p. 289; rev. ed.,- 1868=1870, p. 332. 

The largest specimen from Middle ville. New York (Hall collection), 
measures: R = 62 mm., r=-ll mm., R='4.8r. An individual of the 
usual size from Trenton Falls, New York (Mus. Comp. Zodl., No. 31), 
measures: R«30 mm., r=4 mm., R = 7.2r. One from Ottawa 
(Geol. Surv. Canada collection) measures: R«25 mm., r«4 mm., 
R = 6.1r. The smallest specimen seen (Mus. Comp. Zo5l., No. 36) 
measures: R«7 mm., r«1.6 mm., R=*4.7r. Width of rays at 
base in mature examples from 4.5 mm. to 7 mm. 

Origvml description. — "Diameter, 2 J inches; rays subcylindrical, 2} 
lines in width at the base, with a length of 1 inch; disk 3} lines in 
diameter; grooves narrow, bordered throughout by narrow oblong 
plates, nine in the length of two lines; the length of these plates in a 
direction transverse to the rays is about 1 line; near the disk there 
appears to be but one row of marginal plates." 

Fcmtwitiiqn and locality. — Restricted to the Trenton limestone. 
Most abundant at Trenton Falls, New York. From this locality 
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there are two specimens in the New ¥ork State Museum and six 
in the Museum of Comparative Zoology, Harvard University, col- 
lected by Dr. C. D. Walcott (Nos. 31-36). The American Museum 
of Natural History has one specimen from Canajoharie, New York 
(No. 660) ; in the Hall collection, Albany, there is a specimen from 
Middleville, New York. At Hull, Canada, Mr. W. R. Billings col- 
lected two specimens; the type and another specimen were found 
by E. Billings at Ottawa, Canada; these are now in the Museum of 
the Geological Survey of Canada at Ottawa. 

Remarks. — ^This graceful species has the essential structure of 
U. grandis and will therefore not require a detailed description. 
U. puUheHa is from a lower geological horizon, is probably the an- 
cestor of U. grandis and has far less numerous abactinal plates, 
which on the disk reveal a primitive arrangement reminding one of 
Hudsonaster. In the center of the disk there is a single plate around 
which is a first ring of 5 basal radial plates followed by another with 
15 plates. The plates of the second ring are a little more conspicu- 
ous than any other abactinal plates and are disposed as follows: 
Five are radial in position and are the second basal plates of the 
5 radial colunms, while the other 10 are disposed interradially in 
psdrs immediately on each side of the second basal radials. The 
plates interradial in position are the basals of the supramarginal 
columns. Between the central ossicle and first ring there appear 
to be a few small accessory plates. 

The arrangement of the disk pieces above described is plainly 
preserved in a very young example (No. 36, Mus. Comp. Zool.). 
The radial columns remain the most prominent while the supra- 
marginals a little distaUy from the base of the rays are not readily 
distinguishable from the other coltmms. Here and there an accessory 
piece may be inserted between the radials and supramarginals but 
the greater width of the rays is attained by increasing the size of 
these columns and by the introduction of ambital columns outside 
of the supramarginals. In a mature ray on each side of the radials 
proximally, there appear to be not more than four columns of plates 
but it is possible that a few pieces of a fifth colimm may be developed. 
The form and spinosity of the abactinal plates is as in Z7. grandis, 
except that the nonarticulating spines are less long in Z7. pulchella. 

Inframarginal columns at first view do not appear to be present 
bat a careful examination near the distal end of a ray reveals two 
columns of nearly equal-sized plates on each side of the ambulacral 
farrow. Here these plates closely adjoin, the adambulacrals are 
elongate subquadrangular and the inframarginals quadrangular in 
shape. Proceeding proximally the former become more prominent 
and wider but remain throughout closely adjoining. The inframar- 
ginals, however, gradually pass over to the abactinal side although 



180 BUIXETIK 88, TTKITED 8TATBS KATIOKAL MtTSEUM. 

they lemam beside the adambulacrab^ become more and more 
gpinose, longer than wide, and eventually stellate in form and then 
are inseparable from the abactinal plates. There are abont 42 adam- 
bulacrals in each cohunn. 

U, jmUJieUa is readily distingoished from U. vlrichi and U, grandis 
in being smaller, with more slender and graceful rays, and in its fewer 
columns of plates. From U. hudeyi it is distinguished by the less 
convex rays and the far smaller number of plates. 

Cat. No. 60610, U.S.NJii. 

USASTBBBLEJL GRAHIHS (MMk). 

Plate 27, fig?. &-8; plate 28, figs. 1, 2; plate 30, figs. 1-4. 

Stenarier grandis Mkrjl, Amer. Joum. Sd., ser. 3, vol. 3, 1872, p. 258; Geol. Surv. 

Ohio, Pal., vol. 1, 1873, p. 66, pi. 3 bis, figs. 7a-7c.— Mni<BR, N. Am^. Geol. 

Pal., 1889, p. 283, fig. 432. 
Urasterdla graridig Meek, Geol. Surv. Ohio, FIbI., vol. 1, 1873, p. 67. 
PdUeaster hanisi Miller, Joum. Cmciiuiati Soc. Nat. Hist, vol. 2, 1879, p. 117, 

pi. 10, figs. 2, 2a. 

Origiiuxl description. — ^'^ Attaining a very large size, with the body 
or disk comparatiyely small, or only of the breadth of the united 
inner ends of the five rays. Kays loi^, sl^ider, gradually tapering^ 
and very flexible; widest at their immediate connection with the 
body, where they seem to be more or less depressed, but becoming 
more nearly terete farther out. Dorsal side of body and arms com- 
posed of numerous subtrigonal pieces that rise into pointed tubercles, 
or sometimes assume almost the character of short spinules, and 
are arranged in quincunx, so as to form about eight rows near the 
middle of the rays ; those of the outer two rows being a little larger 
than the others. Dorsal pores apparently rather large, and passing 
through between the concave sides of contiguous pieces. Ventral 
side of body unknown. That of the rays composed of the usual single 
row of transverse adambulacral pieces on each side of the well 
defined, rather deep, and moderately wide ambulacral furrows. 
Adambulacral pieces rather more than twice as long as wide, with 
their longer diameters at right angles to the ambulacral furrows, 
and rounding over from end to end so as to be most prominent in 
the middle; while they do not connect with each other by flat sides, 
but have little projecting processes, and corresponding sinuses, 
apparently for the purpose of imparting greater flexibility to the 
rays." 

Emended description. — ^The largest specimen being doubled over 
actinally does not permit of exact measurements, but it is, as near 
as can be determined, as follows: R»93 mm., r»9 nmi., B«10.3r. 
Another specimen spread flatly measures: R«49 mm., r»6.5 mm., 
R«7.6r. The smsJlest specimen (holotype of PcLUeaster hirrisi} 
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measoreB: R»10 mm., r— 2.5 mm., R»»4r. Width of rays at base 
in mature examples from 7 mm. to 8.5 mm. 

Ray3 at maturity very long, depressed subcylindrical in outline, 
slender and tapering slowly. Disk yery small, formed by the united 
inner ends of the rays. 

Abactinal area reticular, consisting of very numerous, highly 
conical, stellate plates, the radial columns and ^e plates of the disk 
most prominent, while the other ray plates (supramarginal and 
ambital) are smaller and irregularly triangular in form. All plates 
are more or less drawn out into stout, blunt, nonarticulating spines 
which are best preserved along the sides of the rays. On the disk 
the ossicles are arranged in a few concentric rows while on the rays 
they are in columns and in quincunx. Near the base of a ray in the 
largest specimen there are about 13 columns, diminishing to about 
4 at the distal ends. 

Madreporite of medium size, lobate, radially crenulostriate, situ- 
ated between two adjoining rays and about midway between the 
margin and center of disk. 

Adambulacral plates slightly overlapping the ambulacral colimms, 
diminishing in size distally, coin-shaped, arranged on edge, and vary- 
ing in different specimens from 60 to 110 in each range. In the 
youngest known example there are about 20 plates in a column. 
Each piece bears three or four short, finger-shaped, articulating 
spines, two or three outwardly disposed, and one placed near the 
inner base between adjoining plates. Along the outer margin of 
the adambulacral plates and abactinally to the thick finger-shaped 
spines there is a row of long, slender, flattened and longitudinally 
grooved spines, two to each ossicle. Orally the coin-shaped adam- 
bulacral plates are somewhat modified, stand less erect and terminate 
in pairs of subquadrangular oral armature pieces. 

Ambulacral grooves wide, shallow, and furrowed medially by a 
narrow angular gutter. Ambulacral plates of adjoining columns 
opposite or very slightly alternating, the pieces narrow, equaling 
in number the adambulacrals, slightly overlapping each other 
proximally and partially interlocking in the medial gutter. The 
ambulacrfd plates continue in undiminished size to the compara- 
tively small mouth, are highly convex and club-shaped, with the 
attenuated ends laterally disposed. The podial openings are between 
the attenuated ends of adjoining plates. 

Locality arid formation. — In the Richmond formation at Richmond, 
Indiana (type-locality), and in the vicinity of Waynesville, Ohio, 
where Mr. Harris secured six more or less mature and three young 
individuals, besides mmaerous fragments. A ray of this species 
was found by Mr. U. P. James near Dayton, Ohio. In the Gurley 
collection of the University of Chicago there is a young specimen 
(No. 10978) from near Ridgeville, Warren County, Ohio. 
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Remarks. — ^The type-specimen of Pcibeaster Tiarrisi Miller is undoubt- 
edly a UrastereUa, and there are no characters other than size by 
which this individual can be separated from U. ffrandis. Of about 
the same age are three specimens in the Harris collection and another 
in the University of Chicago, and all were originally referred to 
P. Tiarrisi. One of these is nearly again as large as the type, is about 
one-half the size of TJ. grandis, and measures 49 mm. along the greater 
radius. The only marked difference between P. harrisi and JJ. 
grandis is the smaller number of adambulacral plates in the former, 
a feature common to the young of many fossil starfishes when com- 
pared with the adults of the same species. In fact, the variation in 
the number of these plates in the two largest examples (64 and 110) 
is nearly as great as between the type of Palaeaster Jiarrisi (22) 
and the smaller of the two largest specimens of U. grandis (64). 

U. grandis is closely related to U. pulcheUa (Billings) of the 
Trenton limestone. These species are, however, easily distinguished, 
not only by the different geological occurrences, but in that Z7. grandis 
attains a much larger and more robust growth. The latter has also 
many more abactinal ossicles with longer nonarticulating spines, 
and the adambulacral columns have from 60 to 110 plates, instead 
of from 36 to 60 as in Z7. pulcheUa, TJ. grandis appears to be a 
direct descendant of the latter and has varied only in attaining a 
larger size and a greater number of plates. 

TJ. graTidis is also closely related to TJ. virichi, and both are nearly 
of one size. The latter, however, has the rays highly convex abao 
tinally, the plates are smaller but as strongly spinose, and there are 
two columns of larger central plates, instead of one as in 27. grandis. 
In the latter in the mid-length of the ray there are about 9 plates 
in a column in 10 mm., while in U. vHrichi there are from 11 to 12 in 
the same space. 

Cat. Nos. 40885, 40887, U.S.N.M. 

URASTBRSLLA HUZLS7I (Billfalgl). 

Plate 29, fig. 2. 

Stenaster kuxleyi Billings, Geol. Surv. Canada, Pal. Foes., vol. 1, 1865, p. 213, 
iag. 197. 

R = 58 mm., r = 5.5 mm., R = lO.Sr. Width of ray at base, 6 mm. 

Original description. — "Deeply stellate, 4 or 6 inches across; body 
small, less than half an inch in diameter; rays long; flexuous, sub- 
cylindrical, apparently angulated along the mediimi line on the upper 
side, uniformly tapering to an acute point. On the dorsal side the 
rays are covered by a multitude of small subangular plates, each 
from one-fourth to one-third of a line wide. The central part of the 
body is not well preserved in the only specimen collected; but it is 
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eyident from a view of the plates which remain that they are here 
larger and more convex than those of the rays. 

''Diameter of the body, five lines. Length of each ray, 1| incheis. 
Width of the rays at their junction with the body, 3 lines. Depth 
of the rays from the dorsal to the ventral side of the body apparently 
somewhat less than the width. The total breadth of the specimen, 
if the rays were straightened out, would thus be about 4^ inches. 

''From the manner in which the rays are curved, it is evident that 
they possessed a considerable amount of flexibility. The specimen 
is somewhat distorted by pressure, but a small portion of one of the 
rays near the body seems to retain its natural shape, and it is here 
obtusely angulated along the median line. The transverse section 
of the ray should be, therefore, subpentagonal. There is still, how- 
ever, some doubt on this point. The under side is unknown." In 
places where the specimen is broken the adambulacraJs are seen to 
be as in other species of UrasUreHa; there appear to be about 60 or 
more of these plates in each column. 

Locality and formation. — ^The only specimen of this species was 
found by Mr. J. Richardson ui strata of Chazy age (bed I of the 
Newfoundland section) at Point Rich, Newf oimdland. The holotype 
(No. 554) is in the Museum of the Geological Survey of Canada, at 
Ottawa, which has furnished the photograph illustrating the specimen. 

Remarks, — ^The holotype was seea at Ottawa and the original 
illustration found to be a fairly accurate reproduction of the charac- 
ters of the fossil. The abactinal side of the disk has a central disk 
plate that is large and tumid. Around it is a circle of six smaller, 
highly convex plates, and at the base of each ray medially there is 
another single large tumid plate, the basal radial. The abactinal 
side of the rays is highly convex and somewhat angulated medially. 
The ossicles are small and distinctly arranged in quincunx, of which 
there are about six plates in each diagonal row near the base of a ray. 
In other words, the abactinal characters of U. Tiudeyi are very much 
like those of Z7. vlrichiy with the differences that in the latter species 
the prominent disk plates are smaller and there are more columns 
of smaller ossicles on the stouter and longer rays. Further^ in TJ, 
'ubriehi there are two columns of larger abactinal plates along the 
central area of the rays, while in V. Jiuxleyi all the ray ossicles are 
of equal size. 

U. pidchelhia has less convex and more slender rays, and far fewer 
abactinal plates. 

URASTERELLA ULRICm, new spedeB. 
Plate 29, fig. 1; plate 30, figs. 6, 7. 

The smallest specimen measures: R = 14 mm., r=4 mm., Br = 3.6r. 
The best preserved specimen measures: Br = 45 mm., r=7.5 mm., 
B»6r. The largest specimen measures: B-"78 mm., r—12 mm.. 



184 BULLETIN 88, XJNITBD STATES NATIONAL MXJSBUM. 

R«6.5r. Width of ray at base in the different individuals 4, 7.5, 
and 9 mm., respectively. 

Rays short and tapering rapidly when young but at maturity very 
long, highly convex abactinaUy, and tapering very slowly. Disk 
comparatively large in the young but small at maturity and formed 
by the united ends of rays. 

Abactinal area of disk and rays composed of numerous small, tumid, 
or highly spinose plates which in the rays are arranged distmctly 
in columns and in quincunx. In the angles between all of the 
plates are left subcircular small openings. On the rays medially 
there are two columns of large convex plates, variously stellate and 
not produced into short, blunt rods. These are the supramarginals, 
and between them are a few widely separated plates of the radial 
columns. In the young the two proximal radial plates are sepa- 
rated from each other by from one to three supramarginals, while 
the third plate is separated from the second by three or four supra- 
marginals. In a mature specimen there appear to be about eight 
of these radial plates on each ray and distally they are separated 
from one another by five supramarginal ossicles. On each side of the 
supramarginal columns are from one (distally) to five (proximally) 
columns of smaller or accessory ambital plates. In a full-grown 
specimen there are 11 to 12 in 10 mm., triangular in outline, and 
drawn out into short, stout, blunt rods. In the center of the disk 
in the youngest specimen (probably also at maturity) there is a 
single large depressed plate around which is a first circle with 6 
plates followed by a second having 16 pieces. Of the latter, 5 are 
basal radiak, 10 basal supramarginals, and 1 the madreporite. 
All of the disk plates are variously stellate, and are the largest plates 
of the abactinal area, the size gradually diminishing distally along 
the rays. 

Madreporite concentrically striate, somewhat smaller than the basal 
supramarginals, between two of which it is placed. ^ 

Adambulacral plates seen only in the young specimen, very strong, 
carinated, subquadrate, wider than long, and about 19 or 20 in each 
column 10 mm. long, not counting the oral armature pieces, which are 
subtriangular in outline. Inside of each pair of oral armature plates 
is placed a very stout but short subcircular spine which has not been 
observed in other species. No other spines are preserved. 

Ambulacral furrows very narrow and deep, concealii^ the ambu- 
lacral plates. 

In the axils of the youngest specimen, outside of the adambulacrals, 
are situated three prominent plates, the proximal one being the 
smallest. On each side of these along the ray is a single column of 
plates which rapidly diminish in size and separate with increasing 
interspaces distally. Their number can not be made out, but they 
appear to continue to the tips of the rays, where plates occur ihflt 
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are not ambital. In the mid-length of the ray, however, these plates 
greatly resemble the ambitab. Judging from the manner in which 
they appear distally, their form and constant position beside and 
outside the adambulacrals leads to the conclusion that they are the 
inframarginals. Whether the inframarginals and interbrachial mar- 
ginals are present at maturity cannot be determined. 

Formation and locality. — ^Three specimens from the top of the Black 
River limestone inmaediately beneath the Black River shale, or from 
the Vanuxemia bed of the Black River (Mohawkian) group at Minne- 
apolis, Minnesota. The specific name is after the distinguished 
paleontologist, Dr. E. O. Ulrich, who found aU the specimens. They 
are in the United States National Museum. 

Remarks. — This species is distinguished from other Ordovicic 
Urasterellas by the few and widely separated plates of the radial 
colmnns, and by the prominence of the supramarginal colunms, 
which in the other species are not distinguishable from the ambitals. 
The convexity of the rays abactinally is also greater than in the 
other species excepting TJ. huxleyi, but that species is further dis- 
tinguished in that it has smaller plates, there being from 7 to 10 in 
5 nun., while in 77. ulrichi there are only 5 to 6 in the same space. 

Z7. vlrichi and U. gravdia attained a similar laige size. The former, 
however, is from a much lower horizon, has very convex rays abac- 
tinally, two columns of larger central plates (supramarginaJs) instead 
of one (radial), and the plates are smaller and therefore more 
numerous. 

The young of this species are very interesting in that they show 
distinctly the presence of large inframarginal and interbrachial 
marginal plates in the axils. In TJ. pulcheUa none of these plates 
have been seen in the axils, but the inframarginals are beUeved to 
be present in the very small plates which are indistinguishable from 
the ambital pieces situated along the greater length of the rays out- 
side of the adambulacrals. The same appears to be true for 77. grandis. 
The young of TJ. ulrichi in its general structure reminds one much 
of Mesopdlseaster sTiafferi, and it is probable that MesopciUecLster and 
UraHereBa are derived from the same stock, which also gave rise to 
Hudsonaster. The latter retains throughout life the primitive plate 
structure, while Mesopdlaeaster, and particularly TJrastereUa, develop 
in various ways an abundance of accessory plates. 

The best preserved specimen of U. ulrichi (pi. 29, fig. 1) has two 
nearly fully grown rays and three short stumps. One of these short rays 
is so well preserved as to indicate that this condition is not due to poor 
preservation, but is apparently a case of accidental loss of parts 
during life. The wound has been healed, but no regeneration of lost 
parts has taken place, as is so common in similar losses among the 
living starfishes. 

Cat. No. 60612, U.S,N,M- 
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Plate 28, fig. 5. 

Tetroitert sp. ind., Nicholson and Etheridoe, Mon. Siliiriaii Fosb. Girvan Diit., 

Ayishke, fasc. 3, 1880, p. 325, pi. 21, figs. 9, 10. 
7 EoaetU simplex Sfbncbr, Mon. Brit. Pal. Asterozoa, pt. 1 (Palfeontogr. Soc. fw 

1913), February, 1914, p. 30, pi. 1, fig. 4. 
UrasUrdla girvanensis Sghuchebt, Foaailium Gatalogus, Animalia, pt. 3, April, 

1914, p. 44. 

Description hy N. and E. — "Body stellate, with slowly tapering 
arms, which increase little in width throughout their whole length [the 
distal ends being unknown]; upper surface unknown, but the body 
was convex and probably granular. [The pieces of the disk are seen 
through the mouth and consist of many tiny plates arranged in more 
or less regular circles about the slightly larger central ossicle.] Ave- 
nues of the arms broad, and not bridged over by any of the plates [this 
is a slip of the pen, for the ridged ambulacralia lie horizontal and 
deep in the grooves and are directly opposite one another; the podial 
openings are fairly large and in the usual position laterally]; marginal 
ambulacral plates [=adambulacrals] moderately convex, trans- 
versely elongated, or oblong in form, and less in width than the 
ambulacral plates; those in the angles of the rays are the largest, and 
somewhat more elongated than the others; oral plates not visible.'^ 
The interbrachial areas are structurally very interesting because in 
each one there is a single narrow but long axillary interbrachial 
ossicle that distaily margins the axil, and in front of this is a minute 
pair of adambulacral oral armature pieces. On either side of the 
axillary interbrachial are the most prominent adambulacrals, about 
five in number, being larger than the other distal ones, which are 
considerably narrower and of fairly imif orm size throughout the rays. 

Fcn'mation and locality. — ^A single specimen from the Upper Qrdo- 
vicic at Thraive Glen, Girvan, Scotland. A good wax squeeze of the 
holotype was f urmshed by Doctor Bather. The original is in the col- 
lection of Mrs. Robert Gray, at Edinburgh, Scotland. 

Remarks. — This species is clearly a VrastereUa, a fact which was 
also noted by Nicholson and Etheridge, as they state: *'In some of 
its characters it approaches very closely to T. (?) asperrimuSf Salter, 
sp." In its interbrachial skeleton U. girvanensis retains youthful 
generic characters, seen in the well-developed interbrachial axUlary 
ossicles. After the above was written appeared Spencer's paper 
above cited. Before the writer was aware of this work he had pro- 
posed the name U. girvanensis. If we are treating of the same 
species Spencer's name takes precedence. 

Cat No. 60611, U.S.N.M. 
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PalaBotUr atperrima Salter, Ann. Mag. Nat. Hist, ser. % tqL 20, 1857, p. 32S, 

pi. 9, fig. 1.— Wbioht, Mm. Biituh Fobs. EdimodL, Oolitic, tqL 2, pt. 1 

(Pftkeontogr. Soc. for 1861), 1862, p. 24, fig. 15 (1). 
PalxasUr asperrvmu Salter, Mem. GeoL Surv. (H. Bzitun, -voL 3, 1866, p. 289, 

pi. 23, fig. 2. 
PaUuuter (?) asparuntu StObtz, Balaeontogriphica, vol. 32, 1886, p. 91. 
TTetraster aspenvmu Nicholsok and Eihebidgb, Mod. Silurian FoaB. Girvan 

Dist., Aynhiie, faac. 3, 1880, pp. 320, 321, 324. 
SalUrasUr (uperrimus StOieiz, Yeih. natodi. Yer. praoaa. RheinL, etc., voL 50, 

1893, pp. 43, 60. 

Nicholson and Etiieiidge wrote of this species as foUows: It 
is an nnsatisfactoiy species. The spedmens in the Mnsenm of 
Practical Geology have the laxge transverse ossicles very apparent; 
but as to whether there is a row inside or outside these, or both, 
we are by no means certain. It appears, however, to have possessed 
only fonr rows." Under Tetraster they compare this species with 
their "T. sp. ind.," which is a true Uraster^a (J7. gitvanensis). 

It seems best under these circumstances to refer this species to 
UragtereHa, it being apparently near {7. graniis. It is found in the 
Caradoc or Bala sandstones (Qrdovicic), neiar Welshpool, North 
Wales. Should it prove to be generically different from TJraMereUa, 
then the name SdUeraster Sturtz can be revived, as he names P. asper- 
rimus as the genoholotype. 

URASTERBLLA (?) CONSTELLATA (Tborait}. 

AUirias eonsUUcUa Thorbmt, M^m. Soc. g^l. de France, vol. 3, 1838, p. 259, 
pi. 22, ^, 7. 

The original figure of this species does not permit of determining 
its generic position. It is described as having but one range of plates 
on each side of the ambulacral grooves, and the figure seems to 
bdicate the presence of a large disk with well-defined interbrachial 
arcs. It seems to have more of the characters of UrastereUa than 
of any other genus. 

The specimen was f oimd in the Siluric ( t Lower) strata in northern 
France (Mondrepuis, L'Aisne). 

URASTERBLLA RUTHVENI (VortMs). 

Draster nUhveni Forbes, Mem. Geol. Surv. Gt. Britain, vol. 2, pt. 2, 1848, p. 436; 

Mem. Geol. Surv. United Kingdom, dec. 1, 1849, p. 1, pi. 1, fig. 1; in McCoy, 

British Pal. Foes., 1861, p. 59.— MuBcmsoN, Siluria, 1854, fig. 39-3. 
Pabeatter ruihveni Salter, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, p. 326.— 

Wright, Mon. British Foss. Echinod., Oolitic, vol. 2, pt. 1 (Palseontogr. 

Soc. for 1861), 1862, p. 25. 
UrastereUa nUhveni Forbes, in McGot, British Pal. Foes., 1851, p. 59. 

This, the genotype of UrastereTUij is unfortunately not well known, 
but appears to be congeneric with U. grandis and U. pulcheUa. It 
occurs in the Upper Ludlow beds (Siluric), near Kendal, Westmore- 
land, England. 
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UKASTSRXLLA HDtUDO (VortMs). 

UrasUr hirudo Forbbs, Mem. Geol. Surv. Gt. Britaiii, vol. 2, pt. 2, 1848, p. 464; 

Mem. Geol. Surv. United Kingdom, dec. 1, 1849, p. 3, pi. 1, fig. 4; in McCoy, 

Britiah Pal. Foes., 1851, p. 59.— Muechmon, Siluria, 1854, p. 221, ^. 39-2. 
PdUeoBUT hirudo Salter, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, p. 326.— 

Wbioht, Mon. British Foes. Echinod., Oolitic, voL 2, pt. 1 (Palffiontqgr. 

Soc. for 1861), 1862, p. 25. 
Urasterella hbrvdo Forbbs, in McCoy, British Pal. Foes., 1851, p. 59. 

This small species has much the appearance of being the young 
of U. ruihveni. The form is said to be gregarious and is associated 
with that species. 

UltASTERELLA SELWTNI McCof. 

Urasterella selwyni McCoy, Geol. Surv. Victoria, Prodr. PaL Victoria, dec.l, 
1874, p. 42, pi. 10, figs. 2, 2a, 3, 3a. 

Original description, — " Rays five, elongate, gradually tapering from 
a little beyond the base, which is slightly contracted, angulated on 
the upper side by a prominent ridge along the middle of each ray, 
having a row of conical tubercular plates (about eight in two lines), 
each side sloping on the dorsal aspect from the middle with about 
three rows of conical tubercular plates rather smaller than the midcDo 
row. The five atil plates small, ovate, triangular, very tmnid. 
Adambulacral plates large, extending to the tubercular margm, 
transversely oblong, about twice as wide as long (about nine in two 
lines). Ambulacral plates small, in a deep ambtdacral groove. 
Length of ray from mouth to tip, six lines; greatest width near base, 
H lines. Surface of plates granular. 

"This beautiful species is easily known by its strongly angulated 
rays on the dorsal side. The traces of oral plates are so very minute 
and indistinct that I can not give their character. 

''This is the first fossil starfish seen in Australia, and I dedicated 
it to my old friend Mr. Selwyn, formerly Director of the Greological 
Survey of Victoria, and now Director of the (Geological Survey of 
Canada, who collected it. 

"This species is most nearly related to the Uraster ruihveni of 
Forbes from the Upper Silurian grits of Kendal in Westmoreland. 

"Common in the fine sandy Silurian beds of range on E. side of 
commonage reserve, Kilmore." 

Remarlcs. — ^This is clearly a species of Urasterdla. Actinally it 
has in each axil one fairly large axillary interbrachial and in this 
recalls the same structure in U, girvanensis, new species. 

URASTERSLLA ASPERULA (Roemm). 

Asterias aapenUa Boembr, Falffiontographica, vol. 9, 1863, p. 146, pi. 24; pi. 26, 

fig. 6; pi. 27. 
Roemeraster aspenUa SxtJBTz, Falseontographica, vol. 32, 1886, p. 85, pi. 9, figs. 4, 5. 
Protasteracanthion primus StUbtz, Palfieontographica, vol. 32, 1886, p. 90, pi. Ih 

figs. 3, Za. 

RemarJcs. — Of this species there are two specimens in the United 
States National Museum purchased of Sttirtz, and two more are 
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in tbe Tale Museum CollectLon. These show both sides of the species. 
U. asperula is said to be. common in the roofing slate of the Lower 
Deyonic at Btindenbach, Germany. 

There can be no doubt that Asierias asperula Roemer is a true 
UrastereOa. All the generic characters are shown, even the longi- 
tudinally grooved spines and the rodUke extensions of the ambital 
plates. For further remarks on this species see generic discussion. 

The abactinal structure of Roemeraster asperulus reminds one much 
of UrastereUa puUhdla of the Trenton, which is the least specialized 
spedes of the genus. The single interbrachial plate retained to 
maturity reminds one of the young of U. uLrichi. In this character 
TJ. asperula appears to be primitive. In the proximal third of the 
rays in U. asperula the radial columns are the most marked and the 
plates continue to increase in size toward the disk. The supramar- 
ginals are also well developed proximally, but the two or three 
proximal plates are smaller and depressed, so that the ten basals 
along with the five radials do not make so prominent a ring of large 
ossicles as in U. pulchetta or in the young of U. vlrichi. DistaUy 
the rays in U, asperula have the plat^ of nearly equal size, although 
the columnar and quincuncial arrangement is retained. The center 
of the disk is occupied by a prominent central disk-plate and the 
first ring consists of five radial plates as in ^. pulcheUa. 

Cat. No. 69382, U.S.N.M. 

URASTBSSLLA, n«t7 ^paclat. 

In the paleontological museia/i of Cornell University there is a 
laige slender-rayed specimen having the general form and structure 
of UrastereUa. There is, however, so little of the actinal detail pre- 
served that nothing more can be done than to indicate the presence 
of this species. 

The specimen was found by Mr. J. B. Woodworth at Brookton, 
near Ithaca, New York, in the Upper Devonic. 

URASTBRBZXA MOllTAirA (StKhurowOy). 

PabeoiUr nunUanus SchSndorf, Palnontographica, vol. 56, 1909, p. 324, pi. 23, 
fig. 1; pi. 24, figB. 20-22 (complete bibUogzaphy cited here). 

In general this form recalls {7. graniia but is somewhat smaller and 
Btouter. The actinal side alone is known, showing a wide ambu- 
lacral furrow bordered by stout columns of narrow adambulacrals. 
All of the ossicles of the ambulacrals and adambulacrals are opposite 
one another. Oral armature decidedly adambulacral in composition. 
Interradial areas described as having ''a few plates." A section 
through a ray (Schdndoif's fig. 22) shows that abactinally on each 
aide of the radialia there are four columns of ossicles, or nine in all. 

Dimensions, about: R =» 35 mm., r — 6-7 mm., R ^ 6r. Width 
of ray at mid-length about 6 mm. 
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Formation and locality. — The holotype is from the oldest Upper 
Carboniferous (Moscovian) of Mjatschkowa, near Moscow. The 
specimen is now in the Bergakademie at Berlin, Germany. 

CATJilASTERETJiTDiE, new family. 

CWt(»teru2as Sch5ndorf, Jahrb. naaBauisch. Yer. Naturk., Wiesbadefn, vol. 63, 
1910, p. 251. 

Cryptozonia with ophiurid expression; a small disk with primitive 
plate arrangement and five long, very flexible rays, with radialia 
and supramarginalia. No interbrachial areas. Ambulacrals oppo- 
site. 

Contains: 

CaJUastereTUiy new name. 

Genus CALLIASTERELLA, ne^^v name* 
Plate 31, fig. 3, text fig. U. 

CaUiaster mirus Trautschold (not CaUiaster Gray 1840, Echinoderma), Nouv. 

M6m. Soc. imp. Nat. Moecou, vol. 14, 1879, p. 108, pi. 13, fige. 3a-3A, 4.— 

ScHONDORP, Falseontographica, vol. 56, 1909, p. 327, pi. 23, fig^. 2-5; pi. 24, 

figs. 1-18; text fig. on p. 328. 
Calliastorella Schuchebt, Fossilium Gatalogos, Animalia, pt. 3, April, 1914, 

p. 14. 

A cryptozonian asterid with the general expression of the ophiurid 
Onychaster. 

Description. — ^Disk relatively small, primitive, with rather large, 
decidedly spiculate ossicles. Rays five, long and slender, round 
in section. R== about 120 mm., r=30 to 35 mm., R— 4r. Width 
of ray at mid-length about 15 mm. 

Abactinal disk plates in form and position as in figure 11. There 
is a small central five-rayed plate with the rays in the position of the 
five arms. Around the central plate is a first ring of five larger basal 
radial plates. Then comes a second ring of ten plates, five of which 
are the second basal radiaUa; the other five are interradial in posi- 
tion and give rise in the next ring to the ten basal inframarginal 
ossicles. The third ring has five radialia and ten basal inframargi- 
nals. All of the ossicles in the three rings are variously six-rayed, 
with large rounded openings between the adjoining spicul&r ends. 
Between each pair of basal inframarginals are inserted single elon- 
gate interradial disk plates. 

Madreporite unknown. 

The rays abactinally have a medial column of transverse radialia, 
and alternating with these on either side are columns of supra- 
marginals. These ossicles are of peculiar construction* eoftbliBg 
the rays to flex about as in Onychaster. 
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Ambulacralia small, adambulacralla lai^r, both very numerous 
in each column and in their disposition opposite one another. There 
are no inf rantafginals. 

Oral armature of Cryptozonia construction and very much as in 
living Aaterias gladalia. 

Ocular plates probably not present. 

Genoholotype and only species. — 0. mirua (Trautschold) (cita- 
tions aa above) . The holotype and three other fragments are from 

a 



mOTTBEDIMOr CALLUanKRLUHISl. SCHSIUnC. Ama SCBOiniOBT. l.CSN- 

u.; 3, BiuL BtDuLu; 3, sKomi kadulu; 4, thied ^jtihtji ; fi, BAOiL iHTBAUABaiHAu; e, 
r*tkKti DcrmAiUBinHUA; e, fosusu rosmoH or uiub; mdp, pBOBi^Ls rornnoK or uisiiauoam. 

the Upper Carboniferous (Moscovian), at Mjatschkowa, near Moscow. 
The holotype is in the University of Petrograd. 

Remarks .— There is no other Paleozoic aaterid worked out in such 
detail as is CaUia8t&-eUa. \ot only is. the gross skeleton known, but the 
detailed construction of all of the essential ossicles and spines as 
well. Quarto pages of text and two plates are devoted to the i^eleton. 

The dorsal skeleton retains primitive construction, and although 
the ossicles are much modified, Iheir general orientation is that of 
the older Phanerozonia. 

COMPSASTERID.*;, new family. 
Specialized Cryptozonia with decidedly spicular abactinal skele- 
ton, recalling that of Asterias. Ambulacra opposite or slightly 

B0601*— BdIL 88—10 13 
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altematmg. Rays five, long, thick, and rounded in section. Disk 
not large. 

This familj contains: 
Jaekdagier StOrtz. 
Compsagter Worthen and Miller. 

Genus JAEKELASTER StuiHz. 

JadtelasUr StOstz, Yerii. naturh. Yer. preuas. Bheiiil., etc., vol. 56, 1900, pp. 
235-236, pi. 4, figs. 13-16. 

Generic chanuiers. — ^Rays five, thick and long, 55 mm. in length, 
16 mm. in greatest breadth, rounded distally. Disk large. Both 
rays and disk devoid of mai^inal plates. 

Abactinally without columns of plates, entire surface decidedly 
and abundantly covered with ''paxilkB." Madreporite small, 
subcentral, radiately striate. 

Ambulacral furrows wide, widest at about mid-length and nar- 
rowing both distally and proximally. Two col mns of podial 
openings. Ambulacralia narrow, L-shaped, slightly overlapping 
and slightly alternating proximally. Adambulacrals small, di- 
rectly opposite the ambulacrals. Outside of the rays the integu- 
ment bears spines and ''paxillsB'' abundantly. 

GenoJiolotype avd only species. — J. petaliformis Stiirtz (citations 
as above). Lower Devonic of Bundenbach, Germany. 

Remarks, — ^This genus is most closely related to Campsaster, 
in fact the general appearance of the two is very much alike. 

Genus COMPSASTER Worthen and Miller. 

Plate 31, figs. 1, 2. 
Compsaster Wobthen and MnxsB, Geol. Surv. Illinois, vol. 7, 1883, p. 327. 

Original description. — "Body stellate; central area or disk com- 
paratively small; rays large, long, more or less fusiform; grooves 
deep and bordered by numerous thin, subcircular, adambulacral 
plates. The ventral side of the typical species shows about six 
rows of plates upon each side of the ambulacral furrows, which 
have a regular, transverse as well as longitudinal arrangement. 

''This genus is distinguished from all others in the family [their 
PalsBasteridsB] by the number and form of the adambulacral plates, 
by the great number of disk plates upon each side of the ambula- 
cral furrows, and by the general form of the body and rays." 

Oenoholoiype. — C formosus Worthen and Miller. It is also the 
only named speciies of the genus. 

The adambulacral plates in Compsasier appear to be much as 
in Urasteretla and both genera agree in having no distinct inframar- 
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ginal plates. The ambital plates are very numerous, showing a dis- 
tinct progression to far more numerous columns of plates than in 
TJrasterella. They also appear like those in this genus. It is prob- 
able that the abactinal area when it is known will be seen to have 
spicular ossicles like those of the ambital areas. 

COMPSASTER FOSMOSUS Worilien and Mflkr. 
Plate 31, figs. 1, 2. 

Compsastar/omumts Worthen and MnxEB, Geol. Surv. 111., vol. 7, 1883, p. 327, 
pi. 31, figs. 2a, 26. 

Original description, — ''Body deeply stellate; central disk com- 
paratively small; rays rigid, large, fusiform, more than twice as long 
as the diameter of the central disk, and terminating abruptly in an 
obtuse point. The typical specimen furnishes the following meas- 
urements: Diameter of the body, 0.72 inch; length of ray from cen- 
tral part of disk, 1.78 inches; diameter of the ray at its junction with 
the body, 0.41 inch. 

''Ambulacral grooves deep;- ossicles rather small; adambulacral 
plates very numerous, and consisting of series of thin plates upon 
each side of the ambulacral furrows, which are rounded upon the 
exterior, prolonged below, and each bear a short, sharp spine on the 
upper part of the inner side, directed toward the apex of the ray. 
There are about eighty adambulacrals upon each side of the furrows, 
and they diminish very slowly in size toward the apex, after passiog 
the fusiform enlargement of the ray. 

''The disk-plates abut upon the adambulacrals in a straight line; 
they are subquadrangular, or polygonal, and each bears a strong 
central spine. Six longitudinal rows appear on the ventral side on 
each side of the ambulacral furrows; they are somewhat imiform in 
size, arranged in transverse, as well as longitudinal order, and are 
about two-thirds as numerous in a longitudinal row as the plates in 
an ambulacral series. 

"Oral plates, madreporiform tubercle, and dorsal side unknown, 
except so far as we may judge of the spinous character of the plates 
from those visible on the ventral side. 

"This large and beautiful species is so distinct from any hitherto 
described that no comparison is necessary for the purpose of identifi- 
cation. 

^^ Position and locality. — Okaw bluffs, between Chester and Kaskas- 
kia, Randolph county, UUnois; from the second division of the Chester 
limestone. 

"Illinois State collection of 1880, by A. H. Worthen, No. 2476." 

The writer has not been able to consult the type-specimen. 
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Professor Weller collected an excellent asterid at Fountain Creek, 
Waterloo, Illinois (No. 14395, University of Chicago collection), 
showing the entire actinal side of a form that is nearest to O.farmoms. 
It is, however, a smaller and more slender species, but imtil the 
abactinal surfaces of both species are known, one can not say that 
they are certainly of the same genus. 

Measurements : R => 20.5 mm., r » 4.5 mm. 

SCHXrCHERTIID-aE, new family. 

Specializing Cryptozonia with well-developed pentagonal inter- 
brachial arcs. Inframarginals well developed in the proximal regions 
where they remain adjoining the adambulacrals. Interbrachial 
and abactinal areas composed of small, more or less closely adjoining 
plates without regular arrangement. 

Madreporite imknown. 

Contains: 
Schuchertia Gregory. 

Remarks. — ^This family is the most ancient and primitive of all 
large-disked or pentagonal starfishes devoid of marginals. In 
Schuchertia the first appearing inframargin^ are retained through- 
out life and remain adjoining the adambulacrals in the arillaiy 
regions. These columns distally become less distinct and in the 
outer third of the rays are not distinguishable as inframarginals 
from the other smaller ossicles of the interbrachial areas. This 
therefore indicates that during the growth of Schuchertia the infrar 
marginals are in the process of elimination and in later forms seem 
to be completely disguised or lost. Then the plates of the inter- 
brachial and abactinal areas, while small, are usually strong, rarely 
spicular or stellate but never decidedly so, while in later genera the 
ossicles either break up into smaller and smaller plates, even into 
granules, or are spicular or thorny pieces. Even the adambula- 
crals which are well developed in Schuchertia may become greatly 
modified and almost ehminated. 

In seeking for an ancestor for this family, it is plain that it came 
from a stock like Hudsonaster. This genus actinaUy has columns 
of ambulacral, adambulacral, and inframarginal plates; abactinally, 
inframarginal, supramarginal, and radial columns of plates. In 
addition there are five axillary marginals, and on the disk a ring of 
five basal radial and five interradial plates giving rise to the radial 
and supramarginal colmnns. The first step from Hudsonaster toward 
Schuchertia would be a form of the former genus introducing small 
ambital plates. This type is as yet unknown, but is suggested in 
TJrastereUa. The progressive introduction of ambital plates and no 
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development of small interbrachial pieces will tend to keep the 
inframarginals beside the adambulacrals. This is the case in Schuch- 
ertia where the axillary mai^inals are also retained, but this genus 
has progressed considerably beyond this stage, since the inframar- 
ginals fail to develop in the later growth, while the supramarginals 
and radials, as colmnns, are no longer distinguishable as such in 
any part of the individuals. The tendency of departure from Hudsonr 
aster therefore seems to be toward the breaking up and elimination 
of its essential structure into a mass of variously arranged small 
pieces, except the ambulacrals, which remain as columns of stout 
plates. 

Genus SCHUCHERTIA Gregory. 
Plates 32 and 33. 

PaUuterina Btlunqs (part, not McCoy or Salter), GreoL Surv. Canada, Can. Org. 

Rem., dec. 3, 1858, p. 76. 
Sdwdtertia Gbboory, Greol. Mag., dec. 4, vol. 6, August, 1899, p. 351. 
DrenUmaster SrteTz, Yerh. naturh. Ver. preuss. Bheinl., etc., vol. 56, 1900, pp. 

224, 225 (based on same genohdotype as Sahuchertia). 

Origifud description. — ^'PalflBasterinidaB with tessellate exoskeleton; 
the rays are short and the general shape is pentagonal. R: r as 2:1. 
Interradial plates numerous, polygonal. Adambulacral plates large 
and hexagonaL Ambulacral furrow tapering uniformly toward the 
distal end. 

''Allied to P(ilseasterina by the general form of the body and the 
absence of the marginal plates." 

Emended description. — ^Rays five, short and slender. General 
form pentagonal. Disk lai^, with well-developed interbrachial 
arcs. 

Abactmal area composed of very numerous, small, tumid, non- 
stellate plates which are arranged in quincunx or columns. There 
are no radial, supramarginal, or ambital plates recognizable as such, 
nor is the margin bounded by columns of inframarginals. 

Madreporite indistinguishable amongst the abactinal plates. 

Actinally the ambulacral furrows are very narrow, bounded by 
coliunns of adambulacral plates. Adjoining these in the proximal 
regions are distinct ''axillary marginals'' and inframarginals, the 
latter distally becoming smaller, and these continue either closely 
adjoining or are separated from one another by increasing interspaces. 
In the latter case they are not readily distinguished from the inter- 
brachial accessory plates. 

Interbrachial areas occupied by numerous small accessory plates 
and like those of the abactinal area with which they are continuous. 

Ambulacral plates apparently sUghtly alternating. 

Genoholotype (of both Schuckertixi and Trentonaster) . — Palasierina 
steUaia Billings. The generic description is, however, largely based 
on 8. laxata, new species. 
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ZKslrAiiium. — Qrdovicic and Siluric of North America. Con- 
tains the following species: 

S. steOata (Billings). Trenton, Ottawa, Canada. 
S. laxata, new species. Richmond of Ohio. 
S. ardinaria, new species. Basal Siluric. Girardeau lime- 
stone, Alexander County, Illinois. 

Remaris. — Schuehertia need only be compared with Petraster and 
PaJagterina. The former differs in that the incomplete columns of 
inframaiginals adjoin the adambulacrals and are not separated from 
them by interbrachial accessory plates as in the other two genera. 
Petraster is readily distinguished by the prominent columns of infra- 
marginals bounding the entire animal and abactinally by the distinct 
columns of radial, supramarginal, and ambital plates. In Schuehertia 
the plates of the abactinal and interbrachial areas are alike and 
not distinguishable into the kinds of columns just mentioned for 
Petraster. 

The fact that in Schuehertia the '^ axillary marginals'' and infra- 
marginals remain beside the adambulacrals seems to indicate its 
origin in forms like Hudsaruuier. The generic structure of the latter 
is retained in Schuehertiay to which is added along the margin (mainly 
axillary) a series of interbrachial accessory plates. The generic 
structure of HudsonasUr is also retained in Petraster, but here, unlike 
those in Schuehertia, the interbrachial accessory plates are developed 
between the inf ramarginals and adambulacrals, forcing these columns 
apart. The phylum starting in Schuehertia is not a prolific one, but 
the other, Palasterinidx, whose inframarginals are true marginals, 
is not only more prolific in genera but also has a longer geological 
range. Beginning in Petraster of the Ordovicic, it is continued in 
the Siluric in Lindstr&master and PaJaeterina. 

SCHUCHSRTIA STKUATA (Bllliafi), 
Plate 32, 6g. 2; plate 33, fig.l. 

Paltuterina iUliata BnxiNQS, Geol. Surv. Gaziada, Rep. ProgresB for 1853-1856, 
1857, p. 290; Geol. Surv. Canada, Can. Oig. Rem., dec. 3, 1858, p. 76, pi. 9, 
figs, la, 16. — ^Wright, Men. BrituBh Pose. Echinod., Oolitic, vol. 2, pt. 1, 
(Palfieontogr. Soc. for 1861), 1862, p. 27, fig. 15 on p. 26.— Quenstkdt, Petre- 
foctenkunde Deutschlands, vol. 4, 1876, p. 74, pi. 92, fig. 34. 

Trentonaster sUUata SrtJRTS, Verh. naturh. Yer. preuas. Rheinl., etc., vol. 56, 
1900, pp. 217, 224, 225. 

Description of 1858, — " Pentagonal ; disk about one-half of the whole 
diameter; ambulacral grooves narrow and deep, bordered on each 
side by a row of small, nearly square adambulacral plates; a second 
row consisting of disk plates extends nearly to the end of each rav, 
the remainder of the disk covered with smaller plates. All of these 
plates are soUd and closely fitted together; the disk plates in the 
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angles in contact with the oral plates are much larger than any of 
the others. 

"In the only specimen in the collection the length of the rays 
measured along the ambulacral grooves is three lines; number of 
adambulacral plates on each side of the grooves sixteen; the rays 
diminish somewhat rapidly in size, and terminate in a rounded point; 
diameter of the disk four lines. The plates are all a little worn, so 
that the character of their surfaces can not be observed; they were 
probably nearly smooth.'' 

Emended description. — ^Measurement of the immature type-speci- 
men: R= 6 mm., r=3 mm. Lai^er specimen: R = 9 mm., r=4 mm. 

Abactinal area composed of a series of plates which are more or 
less closely adjoining and on the rays are arranged in distinct but 
twisted columns. This twisting is due to the insertion of new colmnns 
of plates, always on the right side, crowding the older ones to the left. 
The plates on the rays are subquadrangular to elongate subquad- 
rangular, increasing in size proximally, and on tHe disk are largest 
and generally subcircular in outline, or faintly stellate. The plates 
appear to be smooth. At the apex of the ray are two somewhat 
larger plates followed by three columns and on each side of these 
there are two other colimans of ossicles. Near the beginning of the 
interbrachial arcs the rays have from seven to eight colmnns of plates. 

Madreporite not distinguished among the abactinal plates. 

Actinally the most conspicuous colmnns are the adambulacrals 
bounding the very narrow ambulacral grooves. These ossicles are 
subquadrangular in outline near the base of the column, but become 
¥rider than long distally; there are about 15 in a column, terminating 
proximally in two larger, prominent, wedge-shaped plates of the 
oral armature. Interradially upon each pair of oral pieces is placed 
a large, single, pentagonal plate (holds the position of axillary 
interbrachials), against which rest two diverging inframarginal 
colmnns, each with 13 or 14 ossicles, and these colxmmis continue 
adjoining the adambulacrals. Before attaining the distal ends of the 
rays they gradually become smaller and pass over to the abactinal 
side. Other actinal disk plates are also present, but apparently are 
arranged in quincunx, and are smooth like those of the abactinal side. 

Ambulacrals unknown. 

Formaiion and locality. — Ordovicic. The holotype (No. 1399, Geol. 
Siuv. Canada collection) showing the actinal area was found by Mr. 
E. Billings, at Ottawa. Another specimen, also in the Musemn of 
the Geological Survey of Canada, and showing the abactinal area, was 
found by Mr. J. S. Stewart on Governor General Bay, near New 
Edinburgh, Canada. 

Remarks. — ^This little Ordovicic asterid is distinguishable from 
other species with large interbrachial arcs in that it is devoid of all 
marginal and radial columns of plates. From 8. laxata it is differ- 



198 BULLETIN 88, UNITED STATES NATIONAL MUSEUM. 

entiated by its smaller size, less numerous plates, and by the rela- 
tively greater size of the disk ossicles. 

SCEnrCHSRTIA LAZATA, new spades. 
Plate 32, fig. 3; plate 33, figs. 2, 3. 

The best specimen measures: R= 18 mm., r=6 mm., R = 3r. The 
University of Chicago individual: R = 23 mm., r= about 8 mm. 
R = 2.8r. Other specimens indicate a growth twice as laige as the 
former one. 

Rays short and slender. Disk and interbrachial arcs lai^e but not 
nearly so large as in Petraster apedosus. Six specimens are known, 
four of which are poorly preserved and but a jumble of plates. The 
specific name is given to indicate the generally separated condition 
of the plates. 

Abactinal areas of rays and disk composed of very numerous, 
small but irregularly sized, subquadrate or diamond-shaped, slightly 
pustulose plates. The arrangement is mainly in quincunx but a 
columnar arrangement is also noticeable. 

Madreporite not distinguishable amongst the abactinal plates. 

Ambulacral furrows very narrow, hardly revealing the carinated 
ambulacral plates. The podial openings are between the plates 
along their lateral comers. 

Adambulacral plates very convex, a little wider than long, with 
the inner edge more or less pointed, against which terminates the 
carina of the ambulacral pieces. There are about 15 of the former 
plates in 15 mm. along the base of the colimms. Actinally th» adam- 
bulacral columns are the most conspicuous, since the inframaiginals 
beyond the mid-length of the former colimms appear not to be 
separable from the adjoining interbrachial pieces. The inner side of 
the adambulacrals bears tufts of short blunt spines. 

Inframarginals recognizable as such only within the axils where 
they adjoin the adambulacral colimms. Just within each axil there 
is a laige single plate (axillary mai^inal) against which rest the infra- 
marginal colmnns. These plates decrease rapidly in size distally and 
are soon separated from one another so that the tenth piece from the 
axil is indistinguishable in shape and size from the interbrachials. 

Interbrachial accessory plates very numerous, smallest in the 
inner axillary areas and thence increasing rapidly to a size maintained 
throughout the interbrachial areas. In form they are either diamond- 
shaped or subquadrate, centrally tiunid, and each plate seems to have 
borne one central and two or three lateral spines. 

FoTTfvalion and locality, — ^Five specimens are in the Harris coTleo 
tion, all from the Richmond (Waynesville), in the vicinity of Waynes- 
ville, Ohio. A fine specimen showing the abactinal area (University 
of Chicago collection, No. 10982) was found 7 miles north of Hamilton, 
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Ohio. Another fragment was found by Mr. E. H. Yaapel at Oxford 
in the same State. 

Remarks. — The only Upper Ordovicic species with which Schtir- 
chertia laxata can be confoimded is Pdragter speciasus. However, 
th^e is one fundamental difference between them, so that even 
fragments can be distinguished. In P. speeiosus the inframarginak 
are very conspicuous and bound the outer margin of the entire animal, 
while in S. laxcUa there are no columns of marginal plates, since 
the inframarginals closely adjoin the adambulacrals. In other 
words, in the former species the interbrachial accessory plates are 
between the adambulacrals and inframarginals, while in the latter 
form these pieces, which are also far more numerous, are all outside 
of the inframai^inals. The generally disjointed condition of the plates 
in S. Jaxata will probably always distinguish it from P. speeiosus. 

Cat. Nos. 60613, 60623, U.S.N.M. 

SCmrCHXRTIA ORDIKABIA, mm ipwdes. 

A regular species of Schuehertia. 

The holotype shows the abactinal side only. R == 1 1 mm., r » about 
6.3 mm. 

This species is most closely r^ted to S. laxata, but is smaller and 
with a comparatively larger disk. Therefore the rays do not protrude 
beyond the disk so far as in the latter form. Abactinal skeleton con- 
sists of minute tumid ossicles that are more cut along their edges 
than in 8. Jaxata, and therefore more spicular. 

The specimen can not be freed of the adhering day sufficiently to 
make an instructive photograph, and is therefore not illustrated. 

Formaiian and locality. — ^Ilie holotype is from the basal Siluiic 
Girardeau limestone, Alexander County, Illinois. It is in the Gurley 
collection of the University of Chicago (No. 10992). 

Family PALASTERISCID^ Gregory. 

Pdlatbrismgidx StOrtz, PakBontognpbica, vol. 36, 1890, p. 246. 
Palaethinastendx Sti^rtz, FakBontograpbica, vol. 36, 1890, p. 246, also p. 247. 
Palasteriscidx Gregory, Treat. Zool., vol. 3, Echinoderma, 1900, p. 257. 

Specialized Ciyptozonia with very large interbrachial arcs. Abacti- 
nal and interbrachial areas either with a smooth membrane or granu- 
lar and thorny. No radial or supramarginal columns of ossicles. 
Inframarginals not present in any position. Madreporite probably 
always CLctival. Ambulacrals alternating or opposite; adambulacrals 
more or less modified, but remain adjoining the ambulacrals. 
Contains: 
Palasteriscus SttLrtz. 
EchinastereUa Stiirtz. 
Loriolaster Stiirtz. 
Oheiroptemster Sttirtz. 
For remarks on the course of development, see Schuchertiid®. 
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Genus PALASTERISCUS Stiiitz. 

PdUuteriseus StGbtz, Pakeontographica, vol. 32, 1886, p. 95, pi. 14, fig. 1; vol. 36, 
1890, p. 223, pi. 28, figs. 23-235; pi. 29, f^. 24; WeA. naturh. Ver. preunB. 
Rheiiil., etc., vol. 50, 1883, pp. 44, 61. 

This genus differs from LarioUuter in being more decidedly stellate, 
with longer and more slender rays and less extensive interbrachial 
arcs. The abactinal and interbrachial areas are made up of innumer- 
able, small, variously shaped, loosely interlocking, stellate plates. 
These areas in Lorioiaster appear to be smooth. 

Madreporite very large, actinal. 

The genclholoiype^ P. devonicus (same citations as above), is the 
only species and is very rare in the Lower Devonic roofing slates of 
Bundenbach, Germany. 

Cat. No. 59389, U.S.N 3f. 

Genus ECHINASTERELLA Sturtz. 

EdMnOBierdLa StOhtz, Falffiontograpbica, vol. 36, 1890, p. 225, pi. 28, £99. 26, 26a, 
27; Verb, xutturh. Ver. preuss. Rhednl., etc., vol. 50, 1893, pp. 53, 73. 

This form seems to be closely related to PcHasteriscuSj and without 
material for examination it is difficylt to point out the differences 
supposed to be generic. Stiirtz describes the ambulacrals as oppo- 
site, but his figures 26 and 27 show that they are slightly alternating. 

The genoTioloiype, of which three imperfect examples are known, 
is E. sladeni (same citations as above). It is from the Lower Devonic 
of Bundenbach, Germany. Another form which probably belongs 
here is E. (?) darmni Clarke, from the Devonic of Brazil. 

BCmNASTERELLA (?) DARWIRI Clute. 

EddnastereUa f darwini Glarkb, Monog., I, Serv. Greol. Min. Braedl, 1913, p. 315, 
pi. 27, figs. 9-12; Bull. N. Y. State Mus., No. 164, pi. 34, figs. 1-3. 

Original description. — ''Of this fine starfish the collections con- 
tain two specimens, one, that from which our illustrations are taken, 
a sharp cast of an oral surface with the arms extended, in a shale 
sufficiently compact to permit a squeeze to be made of the entire ex- 
posure. The other is a considerably distorted individual also chiefly 
with oral exposure. I have placed the species only provisionally with 
Sttirtz's genus EchinastereUaj which was described from the Bunden- 
bach slates, feeling that in all probability both this species and its 
associated Aspidosomat pontis will be found on close analysis by 
expert students of the Asteroidea to pertain to other genera. The 
structural features presented by EJ darwini are as follows: The 
oral surfaces of the arms are very broad, the ambulacral grooves 
narrow, and the plates arranged opposite each other. The ambulacral 
plates are turned obliquely inward and are broadened at their inner 
ends. As preserved these show only their upper edges except where 
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turned somewhat more obliquely along the food groove. At the 
edges of these very broad ambulacral areas the adambulacral plates 
project in a single row on each margm, as rounded nubs or thickened 
elongated ridges, from each of which project not less than two and 
probably three spines. In no place is the aboral surface of the star&h 
presented, but the madrepore plate is distinctly shown in one of the 
axillae, indicating its ambulacral position. This plate is round, con- 
vex, obscurely radiopunctate, and somewhat ridged. The oral appara- 
tus is indicated by thickened plates at the axillae, but their structure 
in detail can not be made out. The example serving as the type of this 
species has a radial length from center of mouth to tip of longest arm 
of 54 mm." 

Formation and locality. — ^From the Devonic of Ponta Grossa, 
Brazil. 

Genus LORIOLASTER StUrtz. 

LorioUuter Srt^BTz, Palseontographica, vol. 32, 1886, p. 94, pi. 12, figs. 3, 3a, 4; 
pi. 13, figs. 1, la, 2, 2a; vol. 36, 1890, p. 208, pi. 26, figs. 36, 4a; Verh. naturh. 
Ver. preuss. Rheinl., etc., vol. 50, 1893, pp. 47, 63. 

Oeneric description. — ^Animal large, five-rayed, widely pentagonal, 
with very large interbrachial ores entirely inclosing the rays. No 
marginal plates and seemingly with a parchment-like integument on 
the abactinal side and in the large interbrachial areas. The plates 
seen on the abactinal side resemble the aspect of the actinal plates. 

Madreporite unknown. 

Ambulacral plates alternating, numerous, considerably wider than 
long, with the podial openings indeterminate. 

Adambulacrals about as numerous as the ambulacrals, sickle- 
shaped, greatly elongated laterally and bearing club-shaped carinse 
(the regular arrangement of the latter seems to preclude their being 
articulating spines) which have on their outer lateral ends needle-like 
spines. 

Oral armature pieces large, described as ambulacral. 

The only known species is L. miralnlis Sturtz (same citations as 
above), from the Lower Devonic of Bimdenbach, Giermany. It is 
not a common species. 

Cat. No. 69380, U.S.N.M. 

Remarks. — ^All of the Bimdenbach material has been subjected to 
great presstu*e so that nearly all of the finer details have been obliter- 
ated and obscured by the adhering slate. However, L. mirdbilis 
can not be confounded with any of the associated species because of 
the constant absence of the marginal plates and the smooth abactinal 
and interbrachial membrane. The latter may have been made up of 
very small calcareous pieces now obliterated by the great pressiure to 
which these fossib have been subjected. Also see CJidropteraster, 
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Genus CHEIROPTERASTER Sturtz. 

Cheiropteraster StUbtz, PalsBontographica, voL 36, 1890, p. 228, pi. 29, fig. 33; 
pi. 30, fig. 32; Verh. nAturh. Ver. preuss. Rheml., etc., vol. 50, 1893, pp. 49, 68. 

This genus has its nearest relationship in Loriolaster, from which 
it differs in having a far larger oral opening and markedly different 
ambulacral columns. These are small plates, in shape like the 
vertebr» in teleost fishes, which alternate in adjoining columns and 
do not closely adjoin medially. Podial openings imknown. 

Madreporite small, actinally situated near the mouth. 

Abactinal and interbrachial integument granular and thorny. 

Oral armature pieces small, described as ambulacral. 

OenoTiolotype and only species. — C. giganteus Sturtz (same citations 
as above). This large species is very rare in the Lower Devonic 
roofing slates of Bimdenbach, Germany. 

Cat. No. 59381, U.S.N.M. 

SCHCENASTERIDiE, new family. 

Specialized Cryptozonia with well-developed interbrachial arcs. 
Abactinal area reticular, composed of numerous small plates. Inter- 
brachial areas vdth distinctly imbricating plates. Oral armature 
adambulacral. AdambulacraJs well developed in the form of a rope 
(hence the name, from schoinoSj a rope). Ambulacral plates and 
madreporite unknown. 

Contains: 
Schcmaster Meek and Worthen. 

Genus SCHCENASTER Meek and Worthen. 

Plates 32, 33, 35. 

Schanaster Meek and Worthen, Proc. Acad. Nat. Sd. Philadelphia, vol. 12, 
1860, p. 449; Geol. Surv. Illinoia, vol. 2, 1866, p. 277.— Zittel, Handb. Pal., 
vol. 1, 1879, p. 453. 

Original description. — "Animal consisting of a flattened pentagonal 
disk, with the angles more or less produced in the form of rays or 
arms, and the margins between the rays concave in outline, and 
fringed with short, flattened, spine-like appendages, which are also 
continued part of the way out along the lateral margins of the rays. 
Upper side of rays composed of a number of alternating solid plates, 
with the dorsal pores passing between them, while the angles between 
the rays are filled with similar plates, forming the upper side of the 
disk. Under side of the disk composed of numerous small plates. 
very distinctly imbricating inward and laterally toward the ambu- 
lacra. Ambtdacral furrows (in the typical species) wide, deep, with 
on each side a single row of comparatively stout, squarish, or oblong 
adambulacral pieces, having an obliquely outward, imbricating 
arrangement, so as to present somewhat the appearance of a twisted 



BEVISIOK OF PALEOZOIC STELLEBOIDEA. 203 

cord, as seen from below ; farther out these become the margmal pieces 
of the free rays. There is, however, no regular row of marginal 
pieces to the disk between the rays. PJn other words, there are no 
infra- or supramarginals.] Oral pieces ten, anchylosed (?) in pairs, so 
as to look like five pieces merely emarginate at the outer and inner 
ends. (Other characters unknown.) 

''Of com:se it is not possible to give a systematic diagnosis of a 
genus like this, of which only imperfect fossil species are known. 
All that can be done, in cases of this kind, is to give such of the more 
prominent characters as happen to be visible in the particular speci- 
mens accessible; while we can not always be sure, until better speci- 
mens are obtained, and other species known, whether some of the 
characters given may not be merely specific, or in other cases of 
more than generic importance. At the same time, we have to regret 
our inability to give any information in regard to some of the more 
delicate parts that would be the first to claim the attention of the 
zoologist in describing existing starfishes. 

''In first publishing a description of the beautiful species forming 
the type of this genus, we referred it provisionally to McCoy's genus 
Palasterina, under the subgeneric name ScluBnaster. Later com- 
parisons, however, have satisfied us that it can not properly be retained 
in that genus; and as it seems to present equally important differ- 
ences from all the other established genera known to us, we now 
propose to separate it as a distinct genus, imder the name SchancLSter. 
It is probably most nearly allied to the Silurian genus, Palasterina, 
but differs in the pecuUar oblique, outward, imbricating character 
of its row of plates on each side of the ambulacral furrows, and the 
distinct inward imbricating character of the minute, scale-Uke plates 
covering the under side of the disk. There are likewise differences 
in the arrangements of the plates and pores of the dorsal side of the 
free arms, as seen in our figure 7&, pi. 19. 

"As the disk is not seen in the specimen from which figure 7d, 
of the plate just alluded to, was drawn, it presents so different an 
appearance from fig. la of the same plate, showing the upper side 
of the fossil, that, looking at these figures alone, doubts might arise 
whether or not they belong to the same type. An examination, 
however, of the upper side of the same specimen from which 7d was 
drawn, as well as of other fragments, shows them to be the same. A 
fragment of the same specimen from which fig. 7d was drawn also 
shows portions of the imder side of the disk. 

'^Another species, apparently of this genus, from the Burlington 
limestone, with much narrower ambulacral furrows^, shows numerous 

1 «< We ahoold explain han, that the ambalacral foirow of the enlarged ray, represented by fig. 7e of 
piBte 19, ie proportknally too broad, in ccnsequenoe of the accidental flattening of the specimen, and in 
port to the adambulacial pieces being represented proportionally too small. These furrows are more 
nearly natnral in fig. Id, but even in that specimen they are proportionally wider than in undistortad 
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little; short, flattened; spine-like appendages protruding from these 
furrows, with an outward imbricating arrangement or inclination 
towards the extremities of the rays. There may have been other 
little spines over the outer surface, in addition to those fringing the 
margins of the disk, though the specimens retain no traces of them.'' 

Genohdotype, — S, JimJmatua Meek and Worthen. Lower Carbonif- 
erous (St. Louis) of Illinois. 

The other three species referred to ScJuBnaster probably do not be- 
long in this genus. The specimens have not been studied. 

SCHCENASTER WIMBBIAT03 Meek and Wortben. 

Plate 35, figs. 1-4. 

Palaeasterina (Schcenaster) fimhriata Meek and Worthen, Pioc. Acad. Nat. Sci.» 

Philadelphia, vol. 12, 1860, p. 449. 
Schomaster firribriatus Meek and Wobthen, Geol. Surv. IllinoiB, vol. 2, 1866, 

p. 278, pi. 19, figs. 7o-7d. 

Original description. — '^Body regularly pentagonal star-shaped, 
with the rays produced into rather acutely pointed arms, which are 
convex above, and about equal in length to the diameter of the disk. 
Plates of the upper side of the arms and disk, convex, or even timiid; 
near the disk those of the rays hexagonal, heptagonal, or irregular 
in form, alternating, and consisting of about five or six longitudinal 
rows, with a few much smaller intermediate pieces. Farther out 
the rays, they gradually pass into two mesial ranges of oblong, alter- 
nating pieces, with their longer diameter parallel to that of the rays; 
while on each side of these, minute irregular pieces fill the space 
between them and the marginal pieces. Toward the extremities 
of the rays, these httle intermediate pieces diminish in size and at 
last become obsolete, leaving only the two middle and outer, or adam- 
bulacral rows. Ambulacra! furrows, in apparently undistorted 
specimens, deep and nearly or quite twice as wide as the row of 
pieces on either side; adambulacral pieces rather thick and strong, 
and hable to present considerable differences in their obliquity and 
breadth of stirface exposed, in consequence of the compression or 
distortion of the specimen. Plates of the under side of the disk, very 
much smaller than the adambulacral, closely crowded together, 
and owing to their imbricating arrangement, presenting much the 
appearance of the scales of a fish; immediately on each side of the 
rays, they imbricate toward the latter, but near the middle of the 
space between any two ambulacra, the imbrication is inward to^ward 
the mouth, so that in tracing the rows parallel to their longer diam- 
eter, across between the rays, they are found to describe a nearly 
semicircular curve, with a slight angularity near the middle. 

''Near the extremities of the rays, the dorsal pores are seen to 
pass between the ends of the two mesial ranges of oblong pieces. 
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but farther in toward the disk they are more irregularly dis- 
tributed. Our enlarged figure 76, pi. 19, represents these pores 
and the dorsal plates, as seen in one of the rays, with the convex 
outer portion of the plates ground away, in which condition the pores 
probably appear larger than natural. In specimens with the tumid 
portion of these plates unremoved, the pores are not readily seen, 
and the whole dorsal side then seems to be made up of solid, close- 
fitting pieces. Greatest diameter across between the extremities of 
the opposite rays, about 2.37 inches; diameter of disk, 1 inch; breadth 
of ambulacral furrows, about 0.10 inch; length of little flattened 
maiginal spines, near 0.08 inch. 

*^ Locality and position. — St. Clair County, Illinois; in the St. Louis 
division of the Subcarboniferous series." 

The specimen has not been studied. 

SCHOBNASTER (?) WACHSMXTTm Meek and Woffhen. 

Plate 33, fig. 6. 

Sehamaster wacfumiUhi Meek and Wobthek, Proc. Acad. Nat. Sci., Philadelphia, 

vol. 18, 1866, p. 259; Geol. Surv. minois, vol. 3, 1868, p. 499, pi. 17, fig. 4. 

« 

Original description. — "Body flattened or much depressed, with 
a regular, distinctly pentagonal outline, the angles being produced 
into five rather attenuated rays, which are a httle convex above, 
and apparently as much as two-thirds as long as the diameter of 
the disk, if not more. Disk concave in outline on the margin be- 
tween the rays, and imparting a slightly alate character to the 
latter by extending a little along their margins ; like the dorsal side 
of the rays, composed above of numerous k>mall, slightly convex 
plates. Dorsal pores moderately distinct between the plates. 
Plates of the under side of the disk about as large as those of the 
dorsal side, but flattened, scalelike, crowded, and having the inward 
imbricating character of the genus strongly marked. Ambulacra 
(as seen in a compressed specimen) very narrow, their marginal 
plates moderately large, oviJ-oblong, comparatively thin, and very 
strongly imbricating outward. Between these, two rows of short, 
flattened, spinelike scales are seen arising from the ambulacral 
furrow, and all inclining outward or toward the extremities of the 
rays. (Other characters unknown.) 

"Diameter of disk, 1.32 inches; rays apparently extending as much 
as 0.90 inch or more beyond the margins of the disk. 

"This species will be readily distinguished from our 8. fimbriaitLS, 
of the St. Louis limestone, the only other species of the genus known 
to us, by its smaller and less convex plates on the dorsal side, as well 
as by its much thinner, less oblique, and more strongly imbricating 
row of plates along each side of tlxe ambulacra, and particularly 
by its much narrower ambulacral furrows. We have not seen any 
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traces of the row of shorty flattened, marginal spines seen around the 
disk of S. Jirribriatus, in the form under consideration; nor have 
the similar little appendages arising in a double row from the am- 
bulacra of the latter been seen in 8. firnbriatus. These, however, 
may be rather generic than specific characters, and consequently 
be found common to both species. 

"The specific name is given in honor of. Mr. Charles Wachsmuth, 
of Burlington, Iowa, the discoverer of the only specimen we have 
seen.'' 

Formation and locality. — ^Burlington limestone, Burlington, Iowa. 
The specimen has not been seen; it is in the Museum of Compara- 
tive Zoology, Harvard University (No. 7). 

SCHCBITASTER (?), nsw apedet. 

In the Gurley collection of the University of Chicago there is a 
small specimen (No. 10993) from the Chester formation of Pope 
County, Illinois. According to the older classification it would be 
referred to Schcmaster, but until this genus is thoroughly revised 
nothing of generic value can be done with these Carboniferous 
asterids. The specimen under discussion seems to be most closely 
related to 8. (f) wachsmuthi. 

Measurements: R = about 10 mm., r= about 3.5 mm. 

SCHCBNASTBR (?) LBGRANDBNSIS Miller and Gurley. 

Plate 32, figs. 4h-6. 

Sckomaster legrandenaU Milleb and Gurlet, Dobct. new gen. and sp. Echinod., 

1890, p. 56, pi. 9, figs. 7-9.— MiLLBK, Sixteenth Rep. Geol. Surv, Indiana, 

1891, p. 371, pi. 9, figs. 7-9; N. Amer. Geol. Pal., App. 1, 1892, p. 682, fig. 1246. 

Original description. — "Body thin, regularly pentagonal, aides 
concave, with long, narxow, gradually tapering convex arms. Plates 
on the dorsal side of the disk in our specimen apparently anchylosed, 
and spines, if any belonged to the margin, broken away. Ventral 
side depressed and flat between the arm furrows, where it consists 
of very small plates, and if they imbricate inward the overlap must 
be very slight. Ambulacral furrows wide, deep; two rows of sub- 
quadrangular, ambulacral plates form the bottom of each furrow, 
on each side of which there is a row of oblong adambulaoral plates, 
having an obliquely inward imbricating arrangement, presenting 
somewhat the appearance of a twisted cord; these are continued to 
the ends of the arms with the same obliquely inward imbricating 
arrangement. Five pairs of oral plates. 

'^This species is small in comparison with the two heretofore 
described, has sides less convex, and narrower arms.'' 

Formaiion and locality. — ^Elinderhook limestone at Le Grand, 
Iowa. The specimen has not been seen; it may be in the Gurley 
collection of the University of Chicago. It is certainly not a form 
of Schomaster. 
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SCHCENJISTER (7) MONTANTTS Rtymond. 

Plate 33, ^. 5. 

SchanoMUr f monUmua Raymond, Ottawa Natuialist, vol. 26, 1912, p. 80, ^, 
3 on p. 81. 

Original description, — ''Animal small, about an inch in diameter. 
Rays short, slender, extending about one-half their length beyond 
the disk. Disk large, pentagonal, the margin sUghtly concave 
between the rays. The five proximal plates of the adambulacral 
series function as orals, while on the arms beyond the disk the adam- 
bulacrals become marginals. The adambulacral plates are rather 
small, oval, placed with the long axis diagonal to the axis of the arm. 
On the most perfect arm there are 16 of these plates on each side of 
the groove, not counting the proximal and distal plates. 

^'The ambulacral ossicles are small, arranged alternately. On 
this specimen they are mostly displaced. The plates on the disk 
between the rays are few and small. The marginals are small, 
rounded, and do not appear to bear spines, but this appearance may 
be due to poor preservation. 

** Locality, — ^This species is described from a smgle specimen col- 
lected by the writer in the Madison limestone at Spring Canyon in 
the Ruby Mountains, near Alder, Montana. The type is in the 
Carnegie Museum, Pittsburgh, Pennsylvania." 

PAL^OSOLASTERIDiE, new family. 

Specialized multiradiate Cryptozonia with as many as 29 rays, 
large disk, and actinal madreporite. Ambulacraha opposite or slightly 
alternating. 
Contains: 
Palxosohsier Sttirtz. 
Echinasteriaa Sturtz. 
Echinodiscaster Delage and H6rouard. 
EchinosteHa Sturtz. 
Medusaster Sturtz. 
How rays are introduced in muUirTayed asterids. — ^For paleontologic 
purposes it is not necessary to go deeply into this matter, but it is 
desirable to know when, where, and how the supernumerary rays are 
introduced in living forms so that we may be guided in our generic 
studies. 

Ritter and Crocker^ have recently summed up what is known on 
this subject, and to their paper the reader is referred for further 
study. 

In nearly all cases the multi-rayed forms have the rays of equal 
<levelopment, and for this reason it is the general belief that 

> Ritter and Crocker, Hulttpliatkn of rmys and bilateral symmetiy in the ao-iayed starlUb, Ppcnopodia 
hMamikoidMa (Stimpaon), Proo. Washington Acad. 8eL, to . 2, igoo, pp. 347-374. 

50601'— Boll. 88—16 14 
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adults liave the full complement of rays characteristic of a species. 
In some forms there are individuals with smaller immature anns^ 
but it is not certain that these are newly introduced rays, or that 
''this disparity in size is due to the regeneration of the halves of 
automatically bisected animals" (p. 248). It is true that certain 
species start with the full complement of rays and introduce none 
in later growth. Others certainly deviate from this rule, and a 
species with as many as 37 rays has one small specimen with only 
24 plus 2 young sprouting rays. It is therefore plain that ''in 
Hdiaster rays are added until far in adult Ufe/' and it is also probable 
that ''they are added in pairs" (p. 249). In LdbidiasUr as many as 
six new rays may bud simultaneously at intervals around the entire 
circumference of the disk. 

An adult Pycnopodia has from 20 to 24 rays, and ''this variation 
does not depend upon the size of the specimen. * * * The 
number is generally even, * * * but a few specimens with 21 
have been found" (p. 250). The smallest specimen had six equal 
arms and two much smaller budding rays, one larger than the other. 
Between these two extremes all intervening stages occur. At least 
the original five and probably six rays are of larval origin, all the 
others being postlarval. When the sixth ray is introduced is un- 
known; the rest as a rule appear in bilateral order — that is, in pairs. 
They are all developed "in a budding area adjacent to I and 11" 
on tiiie side toward the sixth ray until late in adult hfe. When the 
arms are of unequal number it is due to the suppression of a ray. 
In Pycnopodia, therefore, ray multiphcation goes on through a con- 
siderable part of adult hfe, but not the whole of it, and is variable 
with the individuals. All of the rays, whether of larval or post- 
larval origin, have the same structural characters. 

Finally, it seems that the sixth ray in Pycnopodia has its origin 
in, or at least "is in some intimate way related with the larval oi^gan 
of the embryo" (p. 268). Therefore multiradiation among asterids 
has its origin in late larval life. 

In Hdiaster, Clarke states,^ "the formation of new rays is funda- 
mentally different from that in Pycnopodia." They do not develop 
in distinct generations, but appear entirely independently of each 
other. "A considerable number may develop at approximately the 
same time, often as many as six or seven and sometimes eight or 
nine in H, pc^hrachiua, but they show no definite relation to each 
other." 

The evidence seems "to show that they tend to arise in all four 
quadrants of the circumference of the starfish about equally, but 
successively rather than simultaneously." 

> H. L. ClATkB, BoU. Una, Oomp. ZoOI., vol. 61, 1907, pp. 36-70. 
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In Hdiaater the original number is five, and the new rays are not 
as a rule disposed bilaterally (pp. 63-66). 

Yerrill ( 1914) states that Hdiaster and allied living forms strikingly 
resemble HdianOuister of the Devonic, " and may indicate a con- 
tinuous descent from these ancient forms'* (p. 13). He also says, ''I 
am inclined to believe that the increase in number of rays has been 
due more to the advantage gained in holding their food securely, and 
in opening bivalves, than for holding to the rocks, though both go 
together" (p. 16). 

Genus PAL.«0 SOL ASTER StUrtz. 

Plate 34. 

PalmoioUuter StOrtz, Verh. nat. Ver. preuas. Bheinl., etc., vol. 56, 1900, pp. 

226-229, pi. 2, figs. 1-3. 
HaianthasUr Clarke (part), Bull. N.Y. State Mus., No. 121, 1908, p. 64, pi. 11. 

Oeneric characters. — ^Disk very large, with 27 to 29 rays m the 
genotype, which project one-third their length beyond the disk. 
Animal large, up to 190 mm. in greatest diameter. Disk and rays 
without mai^inalia. Length of rays 95 mm., width of rays 7 mm. 

Abactinal area decidedly and abundantly spinous and devoid of all 
colunms of plates. 

Actinally the great disk is also decidedly spinous. Rays slender, 
with wide ambulacra; ambulacral plates very narrow, seemingly 
alternating, but more probably opposite, h- -shaped, with large podial 
openings in two rows in each ambulacrum. The rajrs are boimded 
by narrow columns of small adambulacral ossicles that bear spines 
on their outer sides. Mouth circular and very large. The nature of 
the stout oral armature can not be made out. 

Madreporite actinal, placed near the mouth, interbrachial, very 
large, striate, more or less oval, about 34 mm. in greatest width. 

The general aspect is said to be much hke the living Solaster affinia 
Brandt. 

Genoholotype, — P. gregoryi Stdrtz (citations as above). Lower 
Devonic of Bundenbach, Germany. Another species occurs at this 
locality and a third is found in the Upper Devonic of New York. 

Remarks. — ^For present purposes we may state that Pdlaeosolaster 
has from 25 to 29 rays and that the ambulacralia are arranged opposite 
one another; the other Sturtz genera, Echinasterias, EtMriodiscaster, 
and Echinostdla, are so much like Paiaeosolaster that they may be 



Clarke recently erroneously referred another very well preserved 
species of this genus to HdiarUhaster (H. roemeri Clarke), but it 
plainly has no direct relationship with H. rhenantis. This is seen 
in the greater disk, larger number of rays, decidedly actinal position 
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of the madreporite and the absence of interbrachial inframarginak. 
It is clearly a PaJseosolaster. 

PALJSOSOLASTER (?) OTALUM (Cl«k»). 

Plate 34, fig. 1. 

HeliarUhaster gyalum Clarkk, BulL N. Y. State Mus., No. 121, 1908, p. 63, pk 
12, 13. 

Original description. — ^The New York specimens, '^HeUanthaster 
gyalum nov. are smaller than H. rhenanus. The arms are more 
nnmerouB and appear to be quite uniformly 24-25. Compared to 
H, rhenanus they are relatively short, but very long compared with 
the size of the disk, which is much suppressed, and on none of the 
specimens, all showing the oral surface, is any distinct evidence of 
it visible, so deeply do the aiins cut into it and so closely do they 
lie together. Notwithstanding this apparent retreat of the disk the 
madreporiform plate is very large. This organ is preserved in but one 
example, but here it overlaps two adjoining interbrachial angles and 
the mouth parts pertaining thereto. Instead of being a flat or 
concave elongate plate, as in jET. rhenanus, it is highly convex and 
circular; its surface markings less distinct and coarse in that species. 

''The great oral aperture is margined by a series of pronounced 
'jaws' or sharp projecting elevated angles the sides of which take 
origin from the margins of adjoining arms. These oral projections 
are slightly expanded at their tips into blunt points comparable to 
but smaller than the 'Hocker' of H. rhenanus , but like them carry 
small spines projecting inward. The solidity and strength of these 
mouth parts is indicated by their prominence and elevation as shown 
in figure. * * * The reentrant angle at the base of each arm is 
narrow, long, and acute, much more extreme in these respects than 
in H. rhenanus and very much more elevated." 

Actinally the rays have two columns of plates of which the ambu- 
lacrals are by far the most prominent, are opposite one another or 
slightly alternate, and occupy the comparatively wide ambulacra! 
furrows. The adambulacrak are narrow colunms and apparently as 
many in number as the ambulacrab. Laterally each adambu- 
lacral bears several spines. 

Locality and formation, — ^A slab with three individuals from the 
Portage (Upper Devonic) at Earl's quarry, Ithaca, New York, is now 
in Cornell University. 

Remarks. — ^The writer has not seen these specimens, but the illus- 
trations seem to indicate that the ''pronounced jaws" are made up 
of small ossicles of which there are at least five in each column. 
Further, that these ossicles are more probably the continuation of 
the narrow adambulacrals than of the ambulacral columns into the 
great oral area, and that proximally to these lie the minute pairs of 
oral armature pieces. 



ItEVISIOK OF PALEOZOIC STELLEBOIDEA. 211 

The madreporite in P. (f) gyoLum, as in the forms of Palseosolaster, 
is very large, actinal in position, and placed even closer to the mouth 
than in any other species. Not only this, but it lies completely cov- 
ering one proximal ambulacral furrow and across parts of two adja- 
cent rays. Its general position and size are in harmony with Palxo- 
solaster and not at all with HdiaTiihagter. 

That P. (t) gydLum can not be referred to Hdianihaster is therefore 
seen in the different position of the madreporite, the greater number 
of rays, the wider ambulacral furrow, and the improbability of its 
having three columns of abactinal ray plates in place of an integument 
bristling with spines. All of these differences are in harmony with 
PalxosoJaster. Further, if P. (f) gyoLum had interbrachial inframar- 
ginals as does HdiaTvihaMer, they should show somewhere on these 
five specimens, all of which preserve the actinal side. While these 
differences may not appear to be great, they make of HdiaTiihaster a 
phanerozonian and of PdlaeosolaMer a cryptozonian. 

PALJSOSOLASTBR ROBMSRI (Cltfke). 

HeHarUuuter roemeri Clabkb, Bull. N. Y. State Mub., No. 121, 1908, p. 64, pi. 11. 

From the Lower Devonic of Bundenbach, Germany. The holo- 
type is in the New York State Musexun. 

Genus ECHINASTERIAS StUrtz. 

Edmuuterias Stubtz, Verb. nat. Ver. preuss. Rheinl., etc., vol. 56, 1900, p. 230, 
pi. 2, fig. 4; pi. 3, fig. 5. 

The genotype has 25 rays, but otherwise appears to have all the 
generic characters of Palseosolaster. 

Genoholotype and only species. — E. spinosus Sttirtz (citations as 
above). Lower Devonic of Bundenbach, Germany. 

Genus ECHINODISCASTER Delage and H^rouard. 

Ednmoditcus St&rtz (not Echinodiscus Worthen and Miller 1883, Echinoidea), 
Verb. nat. Ver. preuss. Rheinl., etc., vol. 56, 1900, pp. 231-233, pi. 3, figs. 
6-10. 

EchinodUcasier Delage and Herouard, Traits de Zoologie Concrete, 1904. 

EckinodiscUes Schttchert, Foasilium Gatalogus, Animalia, pt. 3, 1914, p. 15. 

One of the specimens has 29 rays and a greatest diameter of 160 
mm. The writer fails to see how this genus is to be distinguished 
from Palaeosolaster, It may be more abundantly spinose, and the 
madreporite is somewhat smaller and more coarsely striate, but these 
characters can hardly be of generic value. 

GenoJioloiype and only species, — Echinodiscus muUidactylus Sturtz 
(citations as above). Lower Devonic of Bundenbach, Germany. 

Cat. No. 59386, U.S.N.M. 
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Genus ECHINOSTELLA Stuptz. 

EchinosUlla Srt^BTz, Verh. nat. Ver. pr^uss. Bheinl., etc., vol. 66, 1900, pp. 
23S-235, pi. 3, ^. 11; pL 4, fig. 12. 

The only specimen has 28 or 29 rays and a greatest diameter of 
150 mm. Abactinally the rays and the central area of the disk 
stand out rounded above the remainder of this side of the animal, 
which is not the case in PaJaeoaoUisier; otherwise the two genera aie 
very much alike. 

Gfenoholotype and only species. — E. traguairi Sturtz (citations as 
above). Lower Devonic of Bundenbach, Germany. 

Genus MEDUSASTER StUrtz. 

MeduMuter StOrtz, Palseontograpbica, voL 36, 1890, p. 229; pL 31, figs. 34,35; 
Verh. naturh. Ver. preuss. Rheinl., etc., vol. 50, 1893, pp. 54, 73. 

A form with from 12 to 15 rays. Thought to have relationship 
with living Solaster. 

Gendholotype and only species. — M. rhenanus Sturtz (citations as 
above). Lower Devonic, Bundenbach, Germany. 

Cat. No. 69386, U.S.N.M. 

PALEOZOIC OPHIURIDS. 

A great deal has been written about these animals, but in general 
the true structure of some of them was not known until very recently. 
Authors have described these delicate and generally poorly pre- 
served fossils in such broad terms that a complete restudy of all of 
the material is required before it can be said that most of the genera 
or even the species are established. The way has been successfully 
blazed by Schondorf in Europe, and his methods of study and results 
need to be applied to the American fossils. It was the writer's hope 
to do this, but it is now plain that his present duties will prevent his 
doing so. 

In general it may be said that but few Paleozoic so-called ophiurids 
are true Ophiuroidea. They are ophiurid-like animals, with open 
ambulacral furrows, but without the essential characters of the 
Asteroidea. Nor are they transitional in structure between the 
Asteroidea and Ophiuroidea. Therefore Schdndorf has separated 
them under the term Auluroidea. It seems to the writer that they 
originated in the Asteroidea early in the Ordovicic in some crypto- 
zonian stock near UraMereUa, with large and square ambulacralia. 
(Stenaster and Tetraster are probably true aulurids.) Out of the Aulu- 
roidea, probably in late Devonic time, arose the true Ophiuroidea. 

The essential differences between the Auluroidea and Ophiuroidea 
will become plainer to the student after a study of the text and 
figures presented in this work. 
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Subclass AUI.UROIDEA. 

Aulnroidea SchSndorf, Palfeonb^nphica, vol. 67, 1910, p. 60; Jahrb. naasaulsch. 

Vei. Naturk., Wiegbaden, vol. 63, 1910, pp. 234, 247, 261.— Spbnobk, Mon. 

Brit. Pal. Aat«roEoa, pt. 1 (Palieontogr. Soc. for 1913), 1914, pp. 24,48. 
Protopltivroiika ftnd Evojikiwoidta Solus and Sou,as, Philos. Trans. Boy. Soc. 

London, oer. B, vol. 202, 1912, pp. 214, 222. 

Auluroidea are Paleozoic brittle-stora, with a more or less well- 
developed central disk, whose border between the rajra is more often 
concave than convex ; in other words, 

star-shaped. The rays appear al- ifc -fl ji 

ways to be five in number, simple, 

long aod slender, and more or less 

sharply marked off from the disk as . . 

appendages. This means that the 

body cavity does not extend from "'*** 

the disk into the rays as in Astei> 

oidea. On the actinat side the rays 

have open ambiJacral furrows with pw. 12.-A McnoH thbodob thi abm or ui 

the ambulacralia never anchylosed "™bid,"«bbchomk>m. A.^iamM^- 

mto rertebne; they are arranged m o, dobbu, suutoni f, fodu; in, accu- 

two columns, the pieces of which 

are either altemato or opposite one 

another. 

Original definition.— " The ambu- ^i^^^^;^™"**"™""' 
lacral water-vascular system lies in 

a circular canal that is situated wholly within the ambulacralia medi- 
ally between theadjoining columnsof ossicles. Promit divergeshort 
side branches that either partially penetrate the substance of the 
individual ambulacrals, or lie in the suture 
between adjoining ambulacrals; in either 
case tbey extend into the ventrally open, 
broad ambulacral furrow. Ambulacrals free, 
not coossified, those of adjoining columns 
" either alternate or opposite, but always di- 
rectly opposite the adambulscrals. .Ajnbu- 
lacraJs venlrally composed of a medially 
Fio. U.-A BKmw i roo ooB tbi situated, internally concavely hollowed-out 
BcaOKDOBT. £i,vxinuLBHiiu>: body, which, as the pistes of the two columns 
^vi?*(mi™-tmo^liz^^u"m "^ normally united, forma the medial ambu- 
urmiHDutwKBomiuiiiuBT lacralcanal; and of s lateral process extend- 
la^tw'si, tl^l'im^Tw', ^ ^ ^^^ adambulacrala, with depressions 
vBsnsBA; wr, usui. winm- qq both sdes of it in the Ventral surfaces of 
the ambulacrals and adambulacrala [see fig. 
14]. [These laige lateral depressions are not podial openings through 
or between the plates as in asterids, but appear to be cavities for Uie 
ampullfe or for these and podial insertions. Dorsally the ambulacrals 
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are covered with spines and tubercles.] Disk with concave, or con- 
vex ( }) margins, with or without marginal ossicles. When the latter 
are present, they never extend along the rays, but are wholly re- 
stricted to the disk. The rays on both sides are margined by the 
adambulacrals. Ventrally the rays have broad open ambulacral fui^ 

rows, bounded laterally by the 
adambulacrals. A typical mad- 
reporite [probably always] lies 
in one of the ventral interradii. 
"The group [subclass] is re- 
stricted to the older Paleozoic.^' 
RenuErks, — ^This subclass of 
Stelleroidea appears to be an in- 
dependent development whose 
structure partakes of that of 
the Asteroidea and the Ophiu- 
roidea, though more like the 
latter. The Auluroidea agree 
with the asterids in having opeoi 
ambulacral furrows, and a true madreporite, which is, however, ven- 
trally situated, but otherwise the class is more like the ophiurids, since 
the body cavity does not extend into the rays as in true starfishes. 
However, the water-vascular canal in the Auluroidea does not Ue 
outside of the ambulacrals as in the Asteroidea, but within these 
ossicles along the mid-line of the ambulacrum in a canal that is cut 
out of the sides of adjoining ambulacral columns. On the other 
hand, the Ophiu- 



FlO. 14.— A SXCnON THROUGH THE ARM OF AN AULXTBID, 
WITH ALTERNATINa AMBULACBAUA, ATTER SCHON- 
DORT. Af AMBULACRAUA OF THE DORSAL AXD YEN- 
TRAL skeleton; A^, ventral EXTENSION OF THE 
AMBULACRALU; Ad, ADAMBULACSAUA — LATERAL 
SHIELDS OF OPHIURIDS; F, PODIA, ON LEFT THE CANAL 
PASSES THROUGH THE PLATE, ON EIGHT THE PLATE IS 
DISSECTED DOWN TO THE CANAL; Wf, DVTEBSKELETAL 
RADIAL WATER-VESSEL. 
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Figs. 15 and 16.— Ventral and dorsal arm structure of auluroidea, 

WITH THE AMBULACRA ALTERNATING. SCHEMATIC, AFTER SCHONDORT. 
il, AMBULACRAUA; ill, VENTRAL EXTENSIONS OF AMBULACRAUA; Ai* 

adamdut.acrat.ia; FS, podial cavrdes. 



roidea have the am- 

bulacraUa coossified 

and modified into 

vertebral ossicles; 

there are no open 

ambulacral furrows, 

and the entire rays 

are covered by four 

columns of shields or by an integument more or less studded with 

calcareous plates and granules. 

It appears that the Auluroidea all have dorsally four columns of 
plates, of which the two medial ones are the most prominent. These 
are undoubtedly the dorsal aspect of the thickened ambulacrals. 
Outside of the disk they are usually convex and more or less orna- 
mented with graaules, but within the disk are less prominent aad take 
on other expressions, commonly with concave surfaces. The plat4?s 
outside of these margin the rays and are the adambulacrals; ^while 
in some forms they are prominent and tuberculate, usually they are 
made up of narrow vertical pieces that bear spines along tiie ventral 
or only the distal ventral edge. 
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The Auluroidea can be divided into two orders on the basis of 
whether the ambulacrals on each side of the median line are arranged 
altematelj (the Lysophiurse), or are opposite to one another (the 
StreptopUursB). The following classification is a modification of 
the one offered by Gregory in 1897, and his work was in turn a 
modification of that of Bell in 1892. 

After the present work was written, its author first became aware 
of the works of Sollas and Sollas, and Spencer. The reader should 
consult those papers for important studies on the Auluroidea. 

Order LYSOPHIUR^E Gregory. 

Encrinasterix Bronn (part), Klaasen u. Ordnungen d. Tierreichs, vol. 1, 1859, 

p. 287. — Sch5ndorf, Palseontogxaphica, vol. 57, 1910, p. 61. 
OpkUhEncrifuutenx Stt^btz, Verh. naturh. Ver. preius. Rheinl., etc., vol. 56, 

1900, p. 198. — Sch5ndorf, Jahrb. naesaiiisch. Ver. Naturk., Wiesbaden, 

vol. 63, 1910, pp. 234, 237. 
LyBopkiurx Grbooby, Proc. 2k)ol. Sec. London for 1896, 1897, p. 1030 (containB 

Protasteridse and Palseophiuridse); Treat. Zool., vol. 3, Echinoderma, 1900, 

p. 274. — Sollas and Sollas, Philos. Trana. Roy. Soc. London, ser. B, vol. 

202, 1912, p. 223. 
Opkiurasterix Schondorf, Jahrb. nassauiach. Ver. Naturk., Wiesbaden, voL 63, 

1910, p. 251. 

Auliux>idea in which, the amhulacral ossicles of adjoining columns 
are alternate to one another. The individual plates are separate and 
not coossified into vertebrae. 

Remarks. — ^The Lysophiurae are Paleozoic or primitive Auluroidea, 
that is, ophiurid-like animals, with wide and open amhulacral furrows 
in which the ambulacraUa are free and alternately arranged. The 
ambulacralia are common to the actinal and abactinal sides. 
This order contains the following famihes: 

Protasteridae. Have boot-shaped ambulacraUa ventrally. 
Palseophiuridae. Have subquadrate ambulacraUa vbntrally. 
Encrinasteridse. Have boot-shaped ambulacraUa ventrally 
and large disks that are bordered by marginaha. 

Family PROTASTERIDiE Miller. 

Protasteridx Miller, N. Amer. Geol. Pal., 1889, p. 216.— Obegoby, Proc. Zool. 
Soc. London for 1896, 1897, p. 1031; Treat. Zool., vol. 3, Echinoderma, 1900, 
p. 274. — ^Pabks, Trans. Canadian Inst., vpl. 8, 1908, p. 366. 

Palwopkiomyxida StObtz, Verh. naturh. Ver. preuss. Rheinl., etc., vol. 56, 1900, 
p. 202. 

^'Lysophim^SB with boot-shaped jambulacral ossicles, each composed 
of a ' body ' in the median line of the arm, and a lateral * wing ' at right 
angles to it " (Gregory) . There is either a well-marked scale-covered 
or granular disk, and five flexible arms. The adambulacral plates are 
rather stout, with many lateral spines. 



216 BULLETIN 88y UNITED STATES NATIONAL MUSEUM. 

Schdndorf states that Gregory's family Pal»ophiurid«e has no 
value and is to be merged into the one under discussion. Tlie reasons 
for this are given beyond under the former family heading. 
The family contains : 

Taeniasier Billings. Alepidaster Meek. 

Eophiura Jaekel. Oregcriwra Cihapman. 

Bdhemura Jaekel. BuTidenbacMa Sturtz. 

Palseura Jaekel. Pdbeaphiomjfxa Sturtz. 

PrciasUr Forbes. 

Genus T^^INtASTER Billings. 

Plate 36, figs. 1-3. 

TseniasteT Biujnob, €^1. Surv. Canada, Can. Oig. Rem., dec. 3, 1858, p. 80.— 
Chapman, Canadian Joum., n. ser., vol. 6, 1861, p. 517. — Wright, Mon. 
BritiBh Foes. Echinod., Oolitic, vol. 2, pt. 1 (Paleontogr. Soc. for 1861), 1862, 
pp. 24, 34.— Hall, Twentieth Bep. N. Y. State Cab. Nat. Hist., 1868, p. 300; 
rev. ed., 1868=1870, p. 338.— Zittbl, Handb. Pal., vol. 1, 1879, p. 445.— 
StDrtz, N. Jahrb. ftir Min., etc., 1886, vol. 2, p. 150; Palsontpgraphica, vol. 
32, 1886, pp. 78, 83.— Milleb, N. Amer. Geol. Pal., 1889, p. 285.— Orbqobt, 
Geol. Mag., dec. 3, vol. 6, 1889, p. 26. — SrttRTz, Verh. natuili. Ver. preuas. 
Rheinl., etc., vol. 50, 1893, p. 20.— J.. F. Jambs, Joum. Cincinnati Soc. Nat 
Hist., vol. 18, 1896, p. 138.— Gbbooby, Proc. Zool. Soc. London for 1896, 1897, 
p. 1035; Treat. Zool., vol. 3, Echinoderma, 1900, p. 250. — Spencbb, Mod. 
Brit. Pal. Asterozoa, pt. 1 (Paleeontogr. Soc. for 1913), 1914, pp. 8, 19. 

Txniwra Gbbooby, (not Tssnivra MaUer and Heule 1837, sting-ray), Proc. ZooL 
Soc. London for 1896, 1897, p. 1035. 

Original description of Tseniaster, — "Generic Characters. — Body 
deeply stellate; no disk [there is a disk] or marginal plates; rays 
long, slender, flexible, and covered with small spines; two rows of 
lai^e ambulacral pores; adambulacral plates elongated and sloping 
outward so that they partly overlap each other; ambulacral ossicles 
contracted in the middle, dilated at each end. Generic name from 
tainiaj a riband." 

Oenolectotype (the first species of Billings is here selected as the 
genolectotype). — Paheocoma spinosa Billings. 

RemarTcs, — Hall restudied the type-material of Taeniaster and 
records his observations as follows: 

''In reviewing the characters of Protaster and EugasteTj I became 
satisfied that there was an intimate relation between these and 
TssnicLster of Billings, and in order to satisfy myself on this point, 
I have * * * received from Sir William E. Logan, permission to 
examine specimens of Tseniaster spinoaus and T. cylindricus, 

''An examination of the specimen illustrated in fig. 3 (ut sup.) 
reveals what I conceive to be a disk not at all unlike the disk of Protr 
oMer, but less extended than in the Lower Helderbei^ species. The 
structure of the ray is precisely of the same character as the ray of 
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that species which I have named Protasierforbesi, the proportions of 
plates and relations of parts showing specific differences/' 

"Mr. Billings remarks, under the description of T. spinosuSj that 
' the ambulacral ossicles appear in some places to alternate with each 
other, but this is owing to a distortion; those on one side of the furrow 
are opposite to those upon the other.' 

''Now the specimen of this species which I have examined, and 
which I suppose to be the one figured upon Plate X, figures 3a, b, 
has the ambulacral plates alternating * * *^ 

''In the specimen of T. cylindricus examined the ambulacral 
plates are less distinctly alternate, but the relation of the adam- 
bulacral plates and the pores are the same as in the other form. 
Not having seen the specimen showing the dorsal view, figure 4a of 
plate X, I can only remark that the structure of the rays is very 
similar to that of ProtasterJ^ 

Without restudying the type-material of Tmniaster, or paying 
attention to HaU's statements that T. 8pino8%L8 has what he con- 
ceived "to be a disk not at all unlike the disk of Protaster,^' Gregory 
(1897) regarded Taeniaster as a Cryptozonia starfish and made of 
Billings's second species, T. cylindricus, a new genus, Taenimu. The 
latter he correctly refers to the primitive ophiurids. Under these 
circimistances it is desirable to repeat here what Gregory wrote 
about Tssniaster, 

Txviaster "was described as diskless, which in respect to the type 
species T, spinosus is correct. In that species the oral skeleton 
consists of five pairs of large adambulacrals, as in ordinary Asterids. 
The affinities of the true Txnicuter appear to me to be with such forms 
as Pdssasier ruthveni [» TJrastereHa ruihveni]. It is asteroid in the 
oral armature, in its alternately arranged ambulacral ossicles, and in 
the absence of a disk. I therefore consider Taemaster a genus of 
Asteroidea. The second species placed by Billings in this genus 
has, however, a well-marked disk, and has the oral armature com- 
posed of five pairs of Ophiuroid syngnaths. It must, therefore be 
included among the Ophiuroidea." 

To adjust this matter, the writer restudied the genotype of Tseniaster 
at Ottawa (two specimens. No. 1404, the originals of figures 3a-3<2 
of Billings's Plate X). There can be no doubt that we have here a 
genuine lysophiurid. There is a small disk present in the individual 
figured as 3a and 3b, but it is not one with a round outline, as in 
typical ophiurids, but is concave along the margin between the rays. 
Actinally this disk is abundantly covered with prominent but slender 
spmes. 

The ambulacrals are distinctly alternate throughout the rays and ap- 
pear as in the sketch presented on page 218 ; this condition is not due 
to distortion or other causes. The side plates are narrow, and each 
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bears three spines (see fig. 17B) ; toward the mouth the two columns 
diverge far more than one would assume from the original figure, and 
in consequence there are long and slender syngnaths and not the 
asterid-like mouthpieces figured in the illustration. (See fig. 17C.) 





i.\^ 



FlO. 17.— DiAOBAMS OF TANIASTEB SPHTOSUS (BILLINOS). a, To aHOV THE SPOfOSB DISK WITH OONCATZ 
SIDES. B, ACTINAL PLATE ABBANOEMEMT: a, AMBULACRAL8; od, ADAMBULACRALS OB BIDE PLAlia, 
WITH THEIB SPINES. C, MOUTH PLATES: a, AMBULAC31ALS; 9, STNGNATH. 

The specimen of figures 3c and 3d is too poorly preserved to add 
anything further. Associated with these types there is another and 
much lai^er specimen with a well-marked disk, of which Billings 
said nothing in his original description. This form is clearly of 
another species (probably T. cylindricus), and is mentioned here so 
that other workers will not confound it with the original material 
of T. sTpinosus, 

In 1900 Gregory referred Txniaster to the asterid family Tsenias 
teridae, and placed here as well the unrelated genera Stenaster, SaUer- 
aster, and UrastereUa. From what has been stated above it is plain 
that Tseniaster can not be closely related to the cryptozonian genus 
TJrcLsiereUa, since the latter has an abimdance of narrow ambulacralia, 
asterid in type, while these ossicles in the former are far fewer in 
number and of the form seen in other and related Lysophiurse. It 
is very probable that Txnidster arose in the same stock that gave 
rise to VraMerdla and Stenaster, but the former genus is clearly one 
of the aulurids. 

In 1896 Gregory took out of Tseniaster the second species of 
Billings (r. cylivdricus) and based on it the new genus Txniura. 
As will be seen, this name can have no standing, as the generic char- 
acters are those of TseniaMer, and, further^ the name is preoccupied 
since 1837. 

Thinking T. cylindricus most closely related to the primitive 
ophiurids Pala^ophiura and Stilrtzuraj Gregory defined Tseniura as 
follows: 

''Diagnosis: PalsBophiuridsB with a small pentagonal disk, not 
bounded by marginal ossicles. The ambiilacral furrow is broad. 
The oral skeleton is conspicuous and the syngnaths each composed 
of two separate pieces. The two jaws of each oral angle are closely 
attached ; the mouth frames are separated, and each of them is a 
short, thick, slightly bent bar." 
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Genotype and only species. — PaUeocoma cylindrica Billings. 
'' Remarks: This genus differs from PdUeophiura by the absence 
of marginal ossicles from the disk, and from Sturtzura by the smaller 
size of the disk and the form of the syngnaths. In Sturtzwra the 
jaws end bluntly against a jaw plate, whereas in Txniura they appear 
to taper to a point and have no jaw plate." 

The two cotypes of T:cylindriciLS (1406a) were lost for many years, 
but have recently been rediscovered in the collections at Ottawa. 
In addition, there is another specimen in that Museimi under this name, 
and it is probable that it was so identified by Billings (No. 1405). 
This was the only specimen studied, and its generic characters agree 
very well with the originals of the cotypes (figs. 46 and 4c of pL X), 
and appear to be in harmony with the genotype of Txniaster. The 
only important difference is that here the ambulacralia are directly 
opposite one another, and not slightly alternating, as in T. spinosus 
(see fig. 18), a difference, it seems to the writer, not in itseff alone 
worthy of being the base of a new genus distinct from Tssniaster. 
Tsmiaster has the following species : 

T. spinosus (Billings). Lower Trenton. 

T. cylindricus (Billings). Trenton. 

T. schoharisR Ruedemann. Upper Trenton. 

T. degans Miller. Richmondian (Waynesville). 

T. meafoadefmsis Foerste. Richmondian. 

T.B1IIA8TBR SPmOSUS (BiUlnci). 

Plate 36, fig. 1; text fig. 17. 

PaUeocoma spinoM Biujngs, Geol. Surv. Canada, Kep. Progrees for 1853-1856, 

1857, p. 292. 
TsmiasUr spinonu BnuNGS, Geol. Surv. Canada, Can. Org. Bern., dec. 3, 1858, 

p. 81, pi. 10, figs. 3a-3d.— MnjJSB, N. Amer. Geol. Pal., 1889, p. 285, fig. 439. 

Revised description hy Billings, — '^The specimens collected are 
about seven lines in diameter; tlie rays linear-lanceolate, one line 
in width at the base, and covered at the sides with numerous small 
spines. 

''In the view of the enlarged specimen (pi. X, 3b), tlie ambulacral 
ossicles appear in some places to alternate with each other, but this 
is owing to a distortion. Those on one side of the furrow are oppo- 
site those upon the other. The adambulacral plates are elongated, 
and so placed that the outer extremity of the one lies upon the inner 
extremity to the next. The rays are flexible." 

For remarks on this species, see the discussion under Taeniaster. 

FjormoAon and locality. — ^Two specimens from the Lower Trenton, 
FaUs of Montmorency, east of Quebec, Canada. The original of 
figures 3a to 3d is in the Victoria Memorial Museum, Ottawa 
(Xo. 1404). 
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TMKIABTSR CnJHSKICUB (BIDlltl). 

Plato 3«, figi. 2, 3; text fig. 18. 

PaUeoama cytindtiea Biluncis, Geol. Borv. Canada, Rep. Prograg fm 1853- 

1866, 18B7, p. 292. 
Txniiuter eylindrieut Biujnob, Geol. Surr. Ouiada, On. Org. Rem., dec. S, 

1858, p. 81, pi. 10, figs. 4(i-4c.— Weioht. Mon. Britiah Fool Echinod., Oolitic, 

vol. 2, pt. 1 (FalKontogT. Soc. for 1861), 1862, p. 34.— Fakks, Tnna. Cuia- 

dian Inat., vol. 8, 1908, p. 371. 
Tmnitmi eytiwHea Gbboobt, Froc. Zool. Soc. London for 1896, 1897, p. 10S5. 
LajnarrtkuTa eylindriea Pasxb, Tnuu. Qumdian Inst., vol. 8, 1908, p. 371. 

OrigiTidl descripHon. — "One inch and a half in diameter; nja 
five [rery flexible], covered with spinee, subcylindrical, r^ularlj 
rounded oa the upper side, flattened 
on the lower, about one line in width 
at base, and regularly tapering to an 
acute point." 

Formation and localvty. — In theTreo* 
ton limeetone at Ottawa, Canada. The 
cotypes (1405a), along with a third 
Bpecdmen (1405), are in the '\^ct<«ia 
Memorial Museum at Ottawa. 



Tmiwuter tchohari» Rukdeku^n, Bull. N. Y. State Mua.,'No. 162, 1912, p. 88, 
pl. 3, fig. 1. 

Onginal description. — The holotype "ia small, the arms about li 
mm. long, and it is without a disk. The urms are slender and flexibly 
about 1.3 mm. wide at the base, and almost as high in lateral viev, 
originally probably cylindrical. The ventral view ^ows a straight at 
slightly zigzagged ambulacral canal, and on both sides of this squarish 
depressions surrounded by the ambulacral and adambulacral oa^des, 
the coverii^ lower arm plates not being retained if they existed. 
The inner (ambulacral or vertebral) ossicles appear as narrow and 
outwardly curved ridges, the outer or adambulacral ossicles as ridges 
bent in the opposite direction with a projection in the middle of Uie 
outer arch. The ambulacral ossicles are not directly opposite nor 
r^ularly alternating, but those of the right side on the ventral vie* 
advanced about one-third the length of the ossicles beyond those d 
the other side. 

"The lateral view of one other arm exhibits the ossicles as ver- 
tical bars, that are thickened at both ends resembling vertebre | 
and terminating at the dorsal side with a flat surface and fotming 
there on apparently continuous layer. Thoy appear almost twin 
as wide as the intervening spaces. The doreal surface bears bimdlesof 
obliquely forward directed spines, one bundle corresponding to eadi i 
ossicle. These spines appear in tho right arm to proceed from 
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small spine-bearing plates attached to the adambulacrals, as in the 
closely related Bundenbachia. On one arm two bimdles are seen 
to proceed from each segment^ one oblique, ihe other vertical to 
the arm. The oral skeleton consists of stout, bifid pieces, much 
resembling the oral pairs of adambulacrals of the genotype." 

FormaHon and locality. — ^Upper Schenectady formation, the 
eastern shale phase of the Upper Trenton limestones. From near 
Schoharie Junction, New York. The holotype is in the New York 
State collection at Albany. 

TiBllIASTBR SLBOANS Mlltar. 

TtemoMUr elegant MnxsB, Joum. Cincinnati Soc. Nat. Hist., vol. 5, 18S2, p. 41, 
pi. 1, figs. 6-6c.— J. F. James, Joum. Cincinnati Soc. Nat. Hist., vol. 18, 
1896, p. 139.— Pabks, Tians. Canadian Inst., vol. 8, 1908, pp. 365, 371. 

Protaeter elegaru Pabxs, Tians. Canadian Inst., vol. 8, 1908, p. 368. 

Original descripHan, — ^''This species is fomided upon more than 30 
specimens occurring on a single slab, but showing only the ventral 
side, with the exception of the ends of some of the rays. 

''The body is deeply stellate, and the rays long, slender, and 
flexible, and marghied on either side with a row of spines. 

''From the length of some of the rays, a complete specimen, 
properly spread, would probably have a diameter of an inch and a 
quflj-ter, or more. The rays taper to a sharp point, are roimded on 
the dorsal side, and margined on the ventral side by a row of spines, 
one spine arising from each plate. Only two rows of plates seem to 
form the dorsal side of a ray. The ventral side of each ray is marked 
by a furrow in the middle, separating two series of plates or ossicles. 
TheBe plates are a little longer in the direction of the ray than wide, 
and alternately break joints at the middle, where they are slightly 
contracted." 

Farmatian and locality. — ^This extraordinary slab is in the Harris 
collection of the United States National Museum. It was found near 
WaynesTiIle, Ohio, in the Richmond formation of the Ordovicic 
period. 

Cat. No. 40878, U.S.N.M. 

TJBNIASTER ICBAFORDBNSIS Foexite. 

Taeniatter meafordeMU Foerste, Bull. Sci. Lab. Deniaon Univ., yd. 17, 1914, p. 
326, pi. 4, figs. 5-7. 

The reference to this species is inserted as this book is going through 
the press. The form appears to be conmion in the lowest Richmon- 
dian on Workman Creek, three miles southeast of Meaford, Ontario, 
Canada. The types are probably in the Victoria Memorial Museum, 
Ottawa, Canada. 



id 



222 BULLETIN 88, UNITED STATES NATIONAL UUBBUH. 

Genus EOPHIURA Jaekel. 

Text figs. 19, 20. 

Eojiaura Jackbl, Zedto. geol. Geaell., vol. 55, 1903, Protokol, p. 14(107), figi.l, L 

Oenoholotype. — Eophiwa, species not named. To give Uiia genus 

proper standing according to the rules of nomenclature, the form ig 

here named E. hohemica, new species. It is the only species of Uie 

genus, and occurs in the Ordovicic (D,) at Osek, Bohemia. 

Hie gentts is not defined in the regular manner, but from the genenl 
discussion and the illustrations the following has been made out: 
Rays outside of the disk, 
ffr Mf- apparently petaloid i n 

n/fc ' ' *^ form, with wide-open am- 

" " bulacral furrows, havmg 

narrow alternating ambu- 
lacralia that are | — shaped, 
with the podial openings 
excavated on each side of 
C. the lateral extensions. 

•''" The adambulaorals are 

very large, drawn out lat- 
erally ,rectangular, liehori- 
zontally, and in no way 
resemble the side platee of 
typical ophiurids, or, for 
that matter, even the Lys- 
ophiurte. The lateral 
edges of these ossicles are 
slightly elevated, tubercu- 
lated, and each bears about 
four long and very slender 
spines. Inside of the disk 
F,Q, H.-END OF A .AT OF EoFHiTnu BOH^H^. MUCH «- ^^ adambulacTals are nu- 
LuaiD, iFTEB jaeul. s, AKBuuctuLu; at, ADAKBuu- row SkoA staud verUcaBy 
^Bi.^;^"*.'^^'^^?^^^^;^" as in Paleozoic ophiurids; 
the columns first diverge 
and then converge in the mouth area. The two proximal pieces of 
each column make the adambulacral mouth extensions, with tiie 
terminal ossicles of adjacent columns side by side but not coalesced, 
fonning the syngnaths. The two most proximal ambulacrals rapidly 
decrease in size, enlarging the mouth area, with none of these ossicles 
on each side of the two final adambulacrals. 

The disk seems to be small, with concave intei-brachial sides. 
4.ctinally these areas are covered with scale ossicles. Madreporite 
ventral, in the outer and lateral part of an interradius. Immediately 
outside of the syngnaths occur interradially two small ossicles, 
reminding one of vestigial inframarginalia. 
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GenuB BOHEMURA Jaekel. 

Text fig. 21. 

BtAmura Jabxil, Zeita. geol. Gesell., vol. S6, 1903, Protokol, p. 18 (111), fig. 6. 

This genus, like the for^;oiiig, is not defined in the regulation way. 

Jaekel's fine drawing shows that it is closely related to Eopkiura, 

differing mainly in that the rays do not end bluntly, but have slowly 

tapering whip-like tenninations. These ends are of course ontoge- 

netically young and reveal the progressive ray development. Here 



., Altn JAKUEI.. a, AMBIFLACSALU; Od, iOtMBV- 

lAouiu; Jtt, HAliHiroBm ahonq tke bcaix ruTEa. 
the rays are made up of overlapping and alternating adambulacrals 
that distaUy have no ambulacral grooves. Gradually an ambulacral 
groove is developed and it becomes rapidly wider as one examines 
the rays more and more proximally, and the adambulacrals turn 
over and flatten out, finally making the great open ambulacral 
furrows. The illustration here reproduced, figure 21 on p^e 224, 
will show the generic characters as drawn by Jaekel. 

Qenohohtype and only apecies.—B. jakni Jaekel. Ordovicic (D,) 
at Zahorzan, Bohemia. 

Genus PAL^EURA Jaekel. 
Text fig. 22. 
PotewajASZZL, Zats. geol. Gesell., vol.SC, IMS.Piotokol.p. 16(109)-] 7 (110), fig. 5. 
Oenoholotype. — PcUseura, species not named. No species is again 
mentioned, nor is it stated that the generic name is new. To give 
the name standing, the form figured is here named P. negtecta, new 
genus, new species. It occura in the Ordovicic (D,) of Bohemia; 
tite exact loc^ty is not given, but may be Osek. 

B0601'— BnlU 8»— IB IK 
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Jaekel here again fails to diagnose his genus, but some of the 

characters can be clearly made out from his excellent drawing. 

The disk is small and tends to have convex interhrachial areas. So 

far as the oral dbk area is concerned, the general structure is that 

of Eophiura, with this marked difference — the opposite and asterid- 

like ambulacraha of the rays do not vanish proximally as in that 

genus but crowd over fmd finally 

rest wholly upon the adambulacrals, 

and end against the distal edges of 

theeyngnaths. These are made up 

of the CO ossified terminal adambu- 

lacral ossicles. 

Genus PROTASTER Forbes. 
Text fig. 23. 
TroUuter Fqrbss, Hem. Geol. Surv. 
tJnited Einstlom, dec. 1. IS49, pL 
*,pp.l-2; in McCoT, Britiflh PaL 
FoBB,, 1861, p. 60.— McHcmsoN, 
SUuria, 1864, p. 221, fig. 39-4.- 
Sai/teh, Rep, Twenty-flixth Meet., 
Brit. Assoc. Adv. Sd., Notices and 
abstncle, 1857, p. 76; Ann. Hag. 
Nat. HiBt., eer. 2. vol. 20, 1867, pp. 
325, 330.— Hau., Nat. Hist. N. Y., 
Pal., vol. 3, 1859, p. 131.— Saltkb, 
Ann. Hag. Nat. Hiat., ser. 3, vol. 8, 

1861, p. 484.— Wrioht, Hon. Brit- 
iflh Few. Echinod., Oobtic, vol. 2, 
pt. 1 (PaliBontogT. Soc. tor 1861), 

1862, pp. 23, 31.— Hall, Twentieth 
Rep. N. Y. State Cab. Nat. Hirt., 
1868, p. 293; rev. ed., 1868=1870, 
p. 336.— QuBNaTKDT, Petrefacten- 
kunde Deutechlanda, vol. 4, 1876, 
p. 133, pi. 96, fig. 11.— STtJBTZ, N. 
Jahrb. fdr Min., etc., 1886, vol. 2, 
pp. 148, 150.— Gbbgort, Geol. 

Fia.ai.— VBnTKuvixwoFABATorBoHEinixA Hag., dec, 3, vol. 6, 1889, p. 26.— 

.._. —T X a, AiftiH jAttB,. StUbtb, Verb, naturh. Ver. preua. ■ 

wn'^^^^ Rheiid.,et<:.,vol.50,1893,p.l8.- ! 

J. F. James, Joum. CincinnaU Soc. ' 
Nat. Hiflt., vol. 18, 1896, p. 137.— Grbgort, Ptoc. Zool. Boc. London for 1896, 
1897, p. 1031, fig. 1.— Whidbobne, Pateontogr. Soc., 1898, p. 206.— Pakkb, 
Trans. Canadian Inst., vol. 8, 1908, pp. 363, 366.— Sch5ijdorf, Jalicb. m»- 
sauisch. Ver. Naturk., Wieebaden, vol. 63, 1910, p. 238.— Sollab and SoLLAfl, 
Philos. Trans. Hoy. Soc. London, Ber. B, vol. 202, 1B12, p. 223.— Spencer, 
Hon. Brit. Pal. Aeteroaoa, pt. 1 {Patoontogr. Soc. for 1913), 1914, p. 35. 
ErurimuUr (part) Habckel, Oen. Mmphologie, vol. 2, 1866, p. Izvii (no definition). ' 
Also see St&rUura. 
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OrigituU deaeription. — " (Order Ophiuridn. Family Euryalee.) 
Body circular, covered with aquamiform platee; genital openingB 
in the angles of junction of the arms beneatii; arms (simple) formed 
of alternating ossicula." 

Oenohdlotype.—" Specifs Unica. Protaster sedffunckii. Forbes." 

Original deaeription of P. sedgwiekii. — " The disk is circular, and 
shaped like that of an Ophiw^. The arms are five in number, very 
narrow, equidistant, and similar. 

"The upper and under surfaces of the disk were covered by small, 
similar, more or lees regular, polygonal or crescentic plates, imbri- 
cated in scale-fashion, and having punctated surfaces. "Diose of 
the under side of the 
body are smaller and 
more regular than 
thoee of the upper. 
The mouth is cen- 
tral, and rather small 
in proportion to the 
disk. The buccal ap- 
paratus is composed 
of ten parts or proc- 
esses, arranged in 
pairs; half of each 
springs from the 

origin of each arm in ^ 

& diverging manner, 
and meete the corre- 
Bponding half to form 
a lanceolate tooth- 
1:1. - ii Fio. 31^— OuL helbion of Fu-xtrnx hiolicta, u 

like projection, ,^,to,*«.l. ..iMBuw«Aii*;rtx 

deeply indentmg the 
cavity of the mouth. Of how many separate ossicles each of the 
buccal processes was composed the specimen affords but very indis- 
tinct indication. Theyseem to affect a slightly falcate form at their 
extremities. The arms were composed of alternating, somewhat 
quadrate ossicula, the sides of which were deeply indented supe- 
riorly, in order to form spiniferous crests. The spinee were appai^ 
ently short, and not equal in length to the l^igth of an ossicle, obtuse, 
and few in a row. The under surfaces of the brachial ossicula were 
not indented laterally. The central portions of the upper surfaces 
of the brachial ossicles were hollowed out slightly, and the sutures 
between them deeply impressed. About 12 of the brachial ossicles 
were imbedded in the disk, and the parts of the dorsal surface of 
the latter, corresponding to the arms and central skeleton, do not 
present traces of scales, a feature seen in existing Euiyales. 



226 BULLETIN 88, UNITED STATES NATIONAL MUSEUM. 

'^The dimensions of Prof. Sedgwick's specimens are as follows: 

''Breadth of disk, 8/12ths inch. 

''Average breadth between arms, 5/12ths inch. Breadth of 
an arm, at its jmiction with the body, 1/1 2th inch. 

'^Locality and geological horizon. — Silurian, from Ludlow rocb 
at Docker Park, near Kendal, Westmoreland (specimen figured), 
associated with EncrinUes, and at Benson Knot, also near Kendal, 
in hard sandstones, full of characteristic Ludlow fossils.'^ 

Gregory restudied this genus and in 1897 defined it as foDows: 
"Protasteridsd with a well-marked disk; long, tapering, very flexible 
arms. Some of the adambulacral ossicles are Y-shaped. Scales of 
the disk fairly large. Type species. — Protaster sedgwickii, Forbes." 

Gr^ory remarks that "Forbes's figures of the arm-structures are 

not satisfactory," 
^f\fi A (L— >)/v /I ev ii^-JBi Mid their apparent 

^^ ^^ /I y<^^^/l ^^^^^^ZX ^^*^^® ^ shown m 

^^p^ ^<=^\^ ^sujig=y figure 23 as drawn 

O^ A ^>c=d^O %^^^ by the former. 

^fc^(V^ Sl*-^ This illustration 

finO'WS AA/*n RA^i of 
FlO. 23.— AMBmJUm4UA and ADAMBUULCRAIIA 09 PBOTABm aBUtfWIUUl , °"" ^ ° ^OKjxx^ a^v vt 

AYm Obigobt. a, hbab thb doxal kjkd; b, nr the ioddlb; e, at ambulacralia dif- 

THX PBOZnCAL KMD. THXSB DirrXBKIIC3E8 ABX DT7E TO PRKSXBVATIOK. fAf.Antlv A COndl- 

tion thought to be due to preservation and adhering rock rather than 
to structure (see fig; 28, on p. 242). 

Madreporite probably abactinal in position. 

In regard to the term Encrinaster, see Encrinaster (Aspidosoma), 
page 242. 

Protaster has the following species: 

P. sedgwickii Forbes. Ludlow of England. 

P. hiforis Gr^ory. Wenlock of Wales. 

P. groom, SoUas and Sollas. Ordovicic of England. 

P. (?) whiteavesianus Parks. Black River. 

P. (?) sdUeri (Salter). Ordovicic of Wales. 

P. ( ?) steUifer Ringueberg. Rochester. 

PROTASTBR BVORXS OrafKy. 

Text figs. 24, 25. 

Protaster hiforis Greoort, Proc. Zool. Soc. London for 1896, 1897, p. 1032, figs. 
2, 3 on p. 1033. — Schondorf, Jahrb. naaBauisch. Ver. Naturk., T^esbaden, 
vol. 63, 1910, p. 238. 

Original description, — '*Disk fairly large; interbrachial outlines 
concave. The syngnaths are simple, prominent, and stout. The 
ambulacral ossicles consist of a thick body and a stout curved wing. 
The distal maigin of the ossicles is notched by a depression for a 
ventral muscle-field, which also cuts into the proximal mai^in of the 
adjoining ossicle. Owing to these muscular depressions the arm has 
apparently two series of pores. 



BEVI8I0K OF PALEOZOIC 6TBLLEB0IDEA. 227 

"The adambnlacral ossicles are massive and taper slightly to their 
distal ends; they are closely attached and form a regular series of 
marginal plates. 

''Arms yeiy flexible. 

^^Dimensicns: 

Length of langest arm 18 mm.+« 

Diuneter of turn at the base 2.5 mm. 

Diameter of ann near the distal end 1 mm. 

Diameter of mouth 1.5 nmi. 

Leng^th of BjmgDath 1 mm. 

Width of ambulacnJ fuixow at edge of disk 1.25 mm. 

'^ Distribution. — ^Wenlock Shale, Castell Dinas, Bran, near Llan- 
gollen," Wales. Mnsemn Practical Geology, London. 



^ 
^ 




24 25 

FHII. 24 AMD 2S.— FaOIASm BIPOBIS. ATTKB QBKOOBT. 24, AMBUULCRAUA AMD ADAMBULACaAUA. 

25^ a, OUTUNX or thi disk and asms; h, a paib or stnomaths. 
PROTASTSR GROOMI StXUm and StXUm. 

Proiaster groomi Sollas and Scubas, Philoe. Trans. Roy. Soc. London, ser. B 
vol. 202, 1912, pp. 223, 224. 

Occurs in the Middle Ordovicic of Shropshire, England. 

PROTASTKR (?) WHITBAVBSXAinTS PBiks. 

Proiatier tuhiUavenanus Pabks, Trans. Canadian Inst., vol. 8, 1908, p. 368, 
1.1-6. 



This is a large form with a disk 15 mm. across and with rays 60 mm. 
long. It is described in too much detail to quote here. The ambula- 
cralia are distinctly alternate and boot-shaped. 

FarmaHon and locality. — ^Li the Lowet Trenton (Kirkfield), at 
Kirkfield, Ontario, Canada. The cotypes (five) are in the University 
of Toronto (No. 638 T.) . 

PROTASTSR (?) SALTBRI (Salter). 

Ophiura taUeri Salter and Sowerby, Quart. Joum. Geol. Soc. London, vol. 1. 

1845, pp. 9, 20 (table) {nomen nudum). 
ProtOBterMlUriWrnQBT, Mon. British foes. Echinod., Oolitic, vol. 2, pt. 1 (Fblff^n- 

togr. Soc. for 1861), 1862, p. 33 (nomm nudum), — Salter, Mem. Geol. Surv. 

Great Britam, vol. 3, 1866, p. 289, pi. 23, fig. 3 (is incUned to refer it to 

IVmtatter).— Parks, Tians. Canadian Inst., vol. 8, 1908, pp. 364, 367. 

Formation and locality. — ^The holotype is from the Ordovicic, near 
Cerrig-y-Druidion on the Holyhead road, Wales. 
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(?) 

PwtaaUT tlMfer Rinquebebo, BnH BnfiEiao Soc Nat. ScL, vol. 5, 1886, p. 7, pi. 1, 
fig. 2. 

Generic relations not established. 

Original description. — ''Disk of medium size, flat, circular, slightly 
flexible, distinct from the rays on the dorsal side, and has on that 
side a quinque-dentate, stellate, central elevation, which again has 
a central, stellate' depression of about one-half the lateral extension 
of the stellate elevation upon which it is impressed. The points of 
the star-like figure are opposite the several rays and extend about 
two-thirds across the disk.' 

'^Surface finely granulose. Rays slender, almost imperceptibly 
tapering in the upper half of their known length; rounding on the 
dorsal side, with two rows of regular, quadrilateral, alternating 
[ambulacra]] plates which can with difficulty be made out, and which 
have a fine granulose [integumentary] surface resembling the surface 
of the disk; opposite each transverse suture there is a correspondiog 
linear depression across the surface of the opposite plate on the other 
side of the median suture, which at first sight gives the impression 
that the ray is composed of opposite plates of only one-half the real 
length. 

"Ventral side with ten short, oral plates which are slightly sepa- 
rated below, and meet at the discal surface, where they are rounded. 

'^Ambulacral series long, regularly quadrilateral; alternately 
arranged. 

''Adambulacrals indistinct in the only specimens found showing 
the ventral surface. 

''Marginal series slightly imbricating; spiniferous; spines rather 
short." 

Formation and locality. — ^Three specimens were collected in the 
Rochester shale of the Siluric at Lockport, New York. They are in 
the author's collection. Two other fine specimens were found by C. 
J. Sarle at Lockport and are now at Yale University. Another good 
specimen is in the Walker collection of the University of Toronto 
(No. 1007) ; it was found at Grimsby, Ontario. 

Genus ALEPIDASTER Meek. 
Plate 36, fig. 4; text fig. 26. 

AlepidoiUrHiOiKj Amer. Joum. Sd., ser. 3, vol. 4, 1872, p. 275; Geol. Surv. Ohio, 

Pal., vol. 1, 1873, p. 68, at end of specific descriptioii. 
ProUuterina TJlrich, Joum. Gincmnati Soc. Nat. Hist., vol. 1, 1878, p. 95.— J. F. 

Jambs, Joum. Cinciimati Soc. Nat. Hist., vol. 18, 1896, p. 139 (genoliolotype. 

P. fimhriata Ulrich). 

Original description. — "The only specimen I have seen that is 
certainly known to belong to this species [P. t granvliferus] is very 
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imperfect, being oierely an incomplete di^ and the inner ends of the 
rays. It does not conform to the characters of Protaxter giren in 
Prof. Forbfls's diagnosis, in aD respects, since its disk, especially on 
the upper side, is corered by an integument composed of a vast 
number of very minute grains of calcareous matter, instead of dis- 
tinct imbricating scales. It is therefore not improbable that perfect 
specimens would show other characters that would warrant the 
establishment of a new genus or sul^enos for such forms, in which 
case the name Atepidatter mi^t be applied to the group." 

Genoholotype. — Pratatter (f) granvHfenu Meek. 

Original deacriftion of 
Protasterina. — "Rays five, 
slender, flexible, and ex- 
tending much beyond a dr- 
cular and minutely granu- 
lar disk, which is provided 
with short, slender, and 
outwardly directed spines; 
inner ray pieces [ambu- 
lacra]r^ularly alternating, 
of an hour-glass shape, and 
interlocking along the me- 
dian line, which is there- 
fore not straight but zig- 
zag; outer ray pieces elon- 
gated ladambulacrals or 
aide plates], directed ob- 
liquely outwards, so aa to 
partly overlap each ol^er; ' "' 
two rows of laige pores between the inner [ambulacral] and outer 
[side platee] ray pieces; in the type-species these pores appear to have 
been occupied by loosely-fitting subpyramidal plates, some of which 
have a deep depression in the top, as though they were perforated; 
their true nature, however, is very uncertain. Oral pieces ten, each 
pair being formed by two of tiie outer ray pieces. Type, P. fimhriata." 

When the original material of Alepidaster and Protasterina is re- 
studied, it may be shown that the latter is not a synonym of the 
former, but at present the writer does not see any generic differences. 

AUpidaster is easily distinguished from Protaster, not only by its 
greater geologic age, but also in that its disk is minutely granular 
and spiniferous while that of the latter is scale-bearing. Further, 
when the exact shape of the ambulacrals is determined, it is probable 
that other difierences will be found there. Particular attention 
should be pud to Ulrich's statement that in Protasterina the podial 
"appear to have been occupied by loosely fitting, sub- 
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pyramidal plates." If these extra plates existed^ Protasterina will 
be a good genus, differing not only from Protastery but also from 
AlepidasUr. 

Apparently no one has actually seen the abactinal side of the rays. 
The writer also fails to see it in the few specimens studied. It would, 
therefore, seem that there are no dorsal plates and that the dorsal 
covering is integumentary or finely granular. 
This genus contains the following species: 

A. (?), new species. Trenton. 

A, granvliferus (Meek). Richmondian. 

A.Jlexuosus (Miller and Dyer). Eden and MaysviUe. 

A, miamiensis (Miller). Richmondian (Waynesville). 

ALBPmASTSR (?), iMW species. 

In the Walcott collection at Harvard University there are three 
specimens (Nos. 28, 29, 30) of a "Profcwfer" that probably will prove 
to be new. They are from the Trenton limestone at Trenton Falls, 
New York. 

ALEPmASTER GRANUUFSRUS (Meek). 
Text fig. 26. 

Protaater ? granuliferus {Alepidaster at end of description) Mbek^ Amer. Joum. 
Sd., ser. 3, vol. 4, 1872, p. 274; Geol. Surv. Ohio, Pal., vol. 1, 1873, p. 68, 
pi. 3 hisy figs. 8a, 86. — J. F. James, Joum. Cincinnati Soc. Nat. Hist., vol. 18, 
1896, p. 138.— Parks, Trans. CJanadian Inst., vol. 8, 1908, p. 368. 

Origindl description, — ''Disk small, apparently circular; rays rather 
slender, and of unknown length. Dorsal surface of disk and rays 
covered hy an integument composed of innumerahle minute grains 
of calcareous matter. Ventral side of disk not well exposed in the 
specimen hut apparently provided, in the interradial spaces, with 
minute spines directed outward. Oral pieces not well exposed in 
the specimen. Arm pieces [amhulacrals] regularly alternating^ but 
apparently rectangular at their inner ends, and not interlocking along 
the minute mesial impressed Une, longer transversely than in the 
direction of the length of the rays; each largely excavated at its 
anterior outer end so as to form a large pore, or poreUke depression, 
and divided transversely by a furrow into two parts, the anterior of 
which is very short, and the posterior longer, and marked by a minute 
[muscle] pit at its inner end; about eight or nine of these pieces in 
each range of each ray included within the margin of the disk. Outer 
arm [or ray] pieces (adambulacral of some) smaller than those of the 
the inner ranges, and placed edge upward, with an oblique outward 
direction so as to imbricate outward or toward the extremities of 
the rays, each bearing one or more minute articulating spines. 

"Breadth of disk, about 0.43 inch; breadth of arms at their inner 
ends, 0.10 inch." 
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Formation and locality. — In the lower part of the Richmondian at 
Moore's Hill, Indiana. It was found by C. B. Dyer, and is now in 
the Museum of Comparative Zoology, Harvard University (No. 21). 

AUPn>ASTBR FLEXlTOSnS (Millw and Dytr). 

Plate 36, ^, 4. 

PtoUuUt JUasuoms Miller and Dyek, Joum. Cincinnati Soc. Nat. Hist., vol. 1, 
1878, p. 31, pi. 2, figs. 1, la.— MiLLBR, N. Amer. Geol. Pd., 1889, p. 276, 
fig. 409.— Pabks, Trans. Canadian Inst., vol. 8, 1908, p. 368. 

ProUutenma (*^Prota8ter" lapsus) jSmMota TJlbigh, Joum. Cincinnati Soc. Nat. 
Hist., vol. 1, 1878, p. 96, pi. 4, figs. 9-9c. 

ProtasteriTia flexuosa and P. fimbriata J. F. Jambs, Joum. Cincinnati Soc. Nat. 
Hist., vol. 18, 1896, pp. 139, 140. 

Original description of P.flexuosus. — " The disk is composed of very 
thin, small plates, the order of arrangement of which is not deter- 
mined. The specimens examined differ in size, and show the disk 
varying in diameter from one-quarter to one-half an inch. The rays 
were very flexuous when living, and are found winding and turning 
and thrown in different directions in different specimens. 

''Four series of plates are seen upon the dorsal side of each ray 
near the disk. The two inner series [the ambulacrals seen from the 
dorsal side] form an angular ridge, each plate is concave at the uniting 
surface, the arrangement is alternate, and the appearance, therefore, 
of the top of the ray, is something like the alternate arrangement of 
two series of hourglasses. The outer series, or marginal [side] plates, 
are spinous, the spines directed toward the point of the ray. A 
weathered ray shows three series of pores — one row between the inner 
series of plates, and one between the marginal plates and inner series, 
upon each side of the ray [probably the plates are worn through by 
weathering; there should be but two rows of podial openings, the 
others being either muscle pits or weathering holes]. The plates are 
a little the longest in the direction of the length of the ray, and in 
this direction there are about four to the line. The rays cross the 
disk on the dorsal side and imite near the center of it, but the speci- 
men figured, Plate II, figure 1, has this part of the rays removed. 
Plate II, figure la, illustrates 'the ventral side of a specimen, which 
is too indistinct to show the arrangement of the plates. Small 
pieces, showing the ventral side of the rays, from other specimens, 
have two rows of spines springing from the marginal plates on each 
side of the rays." 

Original description ofP.fimbriaia} — ''Disk of mediimx size, circu- 
lar. Dorsal side of disk, and rays to margin of disk, covered with a 
granular integument. Ventral surface of disk provided with a large 
number of outwardly directed, short and slender spines. Oral 

> Ulrjeh still maintains that this species is a good one and distinct from P. lUxuottu, 
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pieces 10, subrhomboidal in outline, arranged in pairs, each pair 
being formed of two of the marginal series of ray plates; on the lower 
inner edge there are five spines, and extending from each pair, 
over the mouth, is a bundle of rather long ones. 

''Rays apparently very flexible, contracted toward the mouth; 
six series of plates are exposed on the ventral side of each ray. The 
two middle series [ambulacrals] alternate regularly, and interlock 
along the mesial line; they are about twice as long in the direction 
of the ray, than measuring transversely; each piece is contracted 
in the middle on the inner side to admit the wide ends of the two 
pieces immediately opposite, and on the outer side to form a pore- 
Hke impression, between them and the outer series of plates; four 
[five or possibly six] of these plates in each range of each ray are 
included within the disk, and the series terminate abruptly at a 
distance of one and a half lines from the inner end of the oral plates; 
from the margin of the disk to the extremity of the ray there are 
about 16 pieces in each range. The pores mentioned above, are 
occupied by a series of loosely fitting, obtusely conical or pyramidal 
plates, some of which distinctly show a deep depression in the top, 
and may have been perforated. Outer or marginal pieces [side 
plates] flat, placed on edge, and directed obliquely outward so as 
to overlap each other; the two free edges, that is, the one toward 
the point of the rays and the one seen on the ventral surface, are 
lined with from 10 to 12 short club-shaped spines, varying somewhat 
in length. The marginal [side plates] and middle [ambulacral] series 
of plates articulate by means of corresponding prolongations from 
the sides of the plates. These prolongations arise from near that 
end of the plate which is«directed toward the mouth. 

** Dorsal side of rays composed of two rows of alternating and 
interlockiog plates, which near the disk are very deeply sculptured 
and about as wide as long, becoming gradually less excavated, and 
longer in proportion to the width, toward the point of the rays; on 
each side they articulate with the upper edge of the oblique mar- 
ginal series of plates [these are the ambulacral plates seen from the 
dorsal side, either because there were no dorsal plates or because 
there was an Integument]. 

^^ Breadth of disk, 0.60 inch; breadth of arm at margin of disk, 
0.16 inch; length of same from oral plates, 0.88 inch. This species 
is related to Protaster flexuosus.^* 

Formdtion and locality > — ''This species has been found at differ- 
ent elevations from near low-water mark in the Ohio River [that 
is, in basal Eden] to the top of the hills at Cincinnati,'' in the upper 
Maysville beds. The type-specimens of P. flexuosiLs were found 
by Mr. C. B. Dyer and are now in the collection of Harvard Uni- 
versity (Nos. 17, 18). Those of P. Jimbriata were obtained by 
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Ulrich in the lower Eden at about 100 feet above low-water mark 
m the Ohio River at Covington, Kentucky. This material is now 
in the Ulrich collection of the United States National Museum. 
Other poor specimens from a still lower level in the Eden and asso- 
ciated with Triarthras are from the first ward, eastern Cincinnati. 
Two specimens are at Yale University. 
Cat. No. 60615, U.S.N.M. 

ALBPmASTRR MXAMIBlfSIS (IftiUer). 

Prataster miamienaia Miller, Jotim. Oinciimati Soc. Nat. Hiftt., vol. 5, 1882, 
p. 116, pi. 5, figs. 6-66. — ^J. P, James, Joum. Oinciimati Soc. Nat. Hist., 
vol. 18, 1896, p. 138.— Parks, Trans. Canadian Inst., vol. 8, 1908, p. 368. 

Original description. — "This species is large, with a proportion- 
ally small disk. A specimen having a disk four-tenths of an inch 
in diameter, has rays an inch in length. Five specimens have 
been examined, all showing the ventral side. The dorsal side is 
unknown. Only that part of the disk between the rays is visible 
in any of the specimens, and the plates are so anchylosed together 
that no special definition of them can be given. The rays are long 
and coarser and stronger than usual in this genus, though they were 
quite as pliable and flexuous when living as others. Two series of 
subquadrangular plates, or ambulacral ossicles, alternating with 
each other, constitute the bottom of each ambulacral furrow; these 
are bordered by spinous adambulacral plates, which terminate at 
the angles of the mouth in only five oral plates." 

Formation and locality. — ^In the Richmond formation, about 
Waynesville, Ohio. The specimens are in the Harris collection 
of thie United States National Museimi. 

Cat. No. 40886, U.S.N.M. 

Genus GREGORIURA Chapman. 

Gregoriura Chapman, Ptoc. Royal Soc. Victoria, n. ser., vol. 19, 1907, p. 24, pi. 6, 
fig. 1; pi. 8, figs. 1, 3. — SchGndorf, Jahrb. ilaasauificli. Ver. Naturk., Wies- 
baden, vol. e3, 1910, p. 238. 

(higinal definition. — "A Protasterid in which the usual boot- 
shaped ambulacrals are laterally developed, and modified into a 
subtriangular form. Ossicles on each side of the ambulacral canal 
subaltemate, excepting at the junction with the mouth frames, 
where they are parallel. Adambulacral ossicles narrow, slender, 
extending laterally in a line with the proximal border of the ambu- 
lacral ossicle. Spine-bearing plates, slender, at right angles to the 
adambulacrals, carrying (in the genotype) two conspicuous spines. 
Oral skeleton having jaw plates three-fourths the length of the 
mouth frames; teeth thick and prominent. No traces of a disk 
preserved in the specimen on which the genus is founded. Arms 
very slender and very flexible." 
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Oenoholoiype and only species, — 0. spryi Chapman (same references 
as above). 

Foimd in the Siluric (Melboumian) shale at South Yarra, Vic- 
toria; Australia. 

Genus BUNDENBACHIA StUptz. 

Text i^. 27. 

BuTidenhachia' ^revrz, Palseontographica, vol. 32, 1886, p. 83; vol. 36, 1890, 
p. 216.— Ghegoby, PK)c. Zool. Soc. London for 1896, 1897, p. 1033, fig. 4 
on p. 1034.— Pasks, Trans. Canadian Ingt., vol. 8, 1908, p. 367.— Schon- 
DORF, Palsepntographica, vol. 57, 1910, p. 57. 

' Rays five, short, basally wide, terminally pointed or blunt. Disk 
large, soft and delicate, with concave interradiai margins. 

Abactinally the disk is covered with symmetrical scales, and 

medially there is a pentamerous rosette (the oral armature squeezed 

through), from the points of which the rays originate. Rays covered 

^ with a granular integument. 

>J J jp» I y/ Gregory states : "Ambulacral ossicles with 

^p^^=*^ V. ^^-o^^ * dumbbell-shaped body and thin tapering 

^■^^^ } / ^^1^ wing. The body of the ossicle is apparently 

^V|^^*^ \.^A^ divided into two pieces by a transverse de- 

^L^ i/jn f^ pression. The adambulacral plates are small 

M n [V^^^jp^ and narrow, and support a triangular spine- 

_ _ „ bearing plate. [There is only one plate here, 

FlO. 27.— VEOTBAL ABM 8TBUC- ^ ^ "■ '^ 11 

TUBE or BiTiNDEMBACHiA. en- thc adambulacral. There are no lateral 
LABOKD. AfTEBOBEGOBT. . picccs 88 In Ophiuroidca.] 

'*The syngnaths are curved, narrow bars." 
Oenoholoiype and only species. — B. beneclcei St&rtz. 
Remarks. — '^ Bundenha^ia differs troin Prota^ter by the irregular 
nature and soft plating of the disk, by the presence of spine-bearing 
plates attached to the adambulacral ossicles, and by the different 
form of the ambulacral ossicles." (Gregory.) 

BUNDENBACHIA BBNBCKEI Stttrti. 

BuTidenhachia heneckei STi)RTz, Paleeontographica, vol. 32, 1886, p. 83, pi. 8, figs. 7, 
7a; pi. 9, figs. 1, la.— Oregort, Proc. Zool. Soc. Ivondon for 1896, 1897, p. 
1034, figs. 4. 

Formation and locality, — Occurs in the Lower Devonic roofing 
slates of Bundenbach, Germany. 

Genus- PAL-«OPHIOMYXA StUrtz. 

PalKophiompca SrteTz, Verb, naturh. Ver. preusB. Rheinl., etc., vol. 56, 1900, 

p. 202. 
Palxophiomyxidx SxthtTz, Verb, naturh. Ver. preuas. Rheinl., etc., vol. 56, 1900, 

p. 202.— Sch5ndorf, Jahrb. nassauisch. Ver. Naturk., Wieebaden, vol. 63, 

1910, p. 235. 

Oen^Tiolotype and only species. — P. grandis (Stlirtz). 
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PAUBOPHIOICTZA ORAIIDIS (SMIiti). 

Bundenbadna grandis Sturtz, PalsBontographica, vol. 32, 1886, p. 84, pi. 9, figs. 

2, 2a, 3, 3a. 
Palxopkiomyxa grandia Srt^Tz, Verh. naturh. Ver. preuss. Bbeinl., etc., vol. 56, 

1900, pp. 196, 202. 

'FamuUian and locality. — Lower Devonic roofing slates of Bun- 
denbach, Germany. 
Cat. No. 59388, U.S.N3I. 

Family FALMOPHTURIDM Gregory. 

PaUBophiuridx Gbeoobt, Proc. Zool. Soc. London for 1896, 1897, p. 1034; Treat. 
Zool., vol. 3, Echinoderma, 1900, p. 274. — SchOndorf, Jahrb. naawuiflcb. 
Ver. Naturk., Wiesbaden, vol. 63, 1910, p. 237. 

'^Lysophiurse in which the [alternate] ambulacral ossides consist 
of a bar-shaped or subquadrate ' body ' without wings.!' (Gregory, 
1900.) 

Remarks. — ^This family diflFers from the Protasteridsa in "having 
the ambulacral ossicles longer than wide, and never divided trans- 
versely by muscular depressions. The ambulacral ossicles are either 
bar-«haped or thickened to a subquadrate form. They are never 
bootrshaped." (Gregory, 1897.) 

Schdndorf states that Gregory established the families Protas- 
teridsB and PalsBophiuridsa on the form of the ambulacralia. He 
says: "The first family has boot^haped, and the second family 
bar-«haped or subquadrate ambulacrals. The form of the latter is 
nothing more than a poor development of the boolnshaped type of 
ambulacrals. Accordingly the second family has no value and is 
to be withdrawn." In addition the forms of Siurtzura have boot- 
shaped ambulacrals, and these "are so little alternate in arrangement 
that their alternation appears to me more than questionable." 
(Schdndorf, 1910.) 

Contains the following genera: 
PalseopMura St&rtz. 
Stwrtzura Gregory. 
Eug<i8tereUa, new name. 
PtiUmaster Hall. 

Genus PAL.«OPHIURA StUrtz. 

Palseophiura Sti^rtz, Ptil£eont(^;rapbica, vol. 36, 1890, p. 233. — Qbbgobt, Proc. 
Zool. Soc. London for 1896, 1897, p. 1034. 

" PalaBophiuridsd with the disk siurounded by rod-shaped marginal 
ossicles. The ambulacral ossicles are rods lying parallel to the arm. " 
(Gregory.) 

Oenoholoiype and only species. — P. simplex Stiirtz (citations as 
above). Lower Devonic, Bundenbach, (Germany. 
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Genus STURTZURA Gregory. 

Sturtzura GbbqoiZy, Proc. ZooL Soc. London for 1896, 1897, p. 1034.— Sch5n- 
DORF, Jahrb: naasauisch. Ver. Naturk., Wiesbaden, voL 63, 1910, pp. 215, 237. 

fRhodostoma Sollas and Sollab, Fhiloe. Trans. Roy. Soc. London, eer. B, vol 
202, 1912, p. 225 (genoholotype, Protaster lepto9<ma Salter.) 

''PalaBophinridsd having thick, subquadrate; ambulacral ossicles 
and narrow adambulacral plates. The disk is fragile, and its plates 
are small and thin: it has no marginal plates. The mouth-fr&mes 
are narrow and separate. 

^'Distribution. — Silurian, England and Australia." 

Oenoholotype. — Protaster hisingoides Gregory. 

''Remarks. — This genus differs from PalseopMura, as the ambu- 
lacral ossicles are thick and subquadrate, instead of being in the 
form of narrow bars; also by the absence of the strong marginal 
plates roimd the disk." (Gregory.) 

Chapman in 1907 refers the genotype back to Protaster, adding: 
''In consequence of this determination Sturtzura leptosoma may now 
be considered as the type of the genus." This is in violation of the 
rules of nomenclature and the generic name will stand or fall on the 
basis of Protaster hrisingoides. 

Schondorf states: "The ambulacra of 8. hrisingoiies are not 
at all bar--shaped or subquadrate, if the figures of Chapman (1907, 
pi. 8, fig. 2) are correct, but are also essentially boot-shaped and 
alternate in arrangement. 8. leptosoma also has alternating ambu- 
lacra. Their identity with Lapworihura mittoni ranges them with 
the Auluroidea, where 8. hrisingoides imdoubtedly also belongs. 
That this form and with it also the genus Sturtzura is to be retained 
as vaUd is very questionable, but the final answer may as well wait 
until the originals are restudied. In any event it is plain that 
both forms can not belong to the LysophiursB." 

Contains the following species: 
8. hrisingoides (Gregory) . Siluric of Australia. 
8. leptosoma (Salter). Ludlow of England. 
8. leptosommdes Chapman. Siluric of Australia. 

STtJRTZURA BRISINOOIDBS (Oiegory). 

TxnioBier australu McCot, see Chapman 1907, p. 23 {nomen nudum). 

Protaster brinngoides Greqoby, GeoL Mag., dec. 3, voL 6, 1889, pp. 24-27, fig. 1.— 

Chapman, Proc. Roy. Soc. Victoria, n. ser., voL 19, 1907, p. 22, pi. 6, 

fig. 2; pi. S; fiig. 2. 
Sturtzwra brinngoides Greoobt, Proc. Zool. Soc. London for 1896, 1897, p. 1034. 

Formation and locality, — ^From Siluric sandstones at Moonee Ponds 
Creek, Flemington, near Melbourne, Australia. The typo-material 
is in the British Museum (Natural History), London. Other speci- 
mens from the same locaUty and from the parish of Yering, Upper 
Yarra district. Victoria, are in the National Museum at Melbourne. 
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STtJRTZURA LBPTOSOMA (Sidter). 

Protastar leptosoma Salter, Ann. Mag. Nat. Hiat., ser. 2, vol. 20, 1857, p. 331, 
pi. 9, fig. 5.~-Wright, Mon. British Foas. Echinod., Oolitic, vol. 2, pt. 1 
(PklflBontogr. Soc. for 1861), 1862, p. 33.— Qubnstedt, Petrefactenkunde 
DeutBchlands, vol. 4, 1876, p. 133, pi. 95, fig. 12.— S-rtoTz, Palseonto- 
graphica, vol, 32, 1886, p. 79; N. Jahrb. fOr Min., etc., 1886, vol. 2, p. 148. 

Sturtzwra leptowma Gregobt, Proc. Zool. Soc. London for 1896, 1897, p. 1035. — 
Chapman, Proc. Roy. Soc. Victoria, n. ser., vol. 19, 1907, p. 26, pi. 8, fig. 5. — 
Sch5ndorf, Jahrb. naasauiBch. Ver. Naturk., Wiesbaden, vol. 63, 1910, 
p. 215. 

Rhodostama leptosovna Sollab and Sollab, Philos. Trans. Roy. Soc. London, 
ser. B, voL 202, 1912, p. 223, text fig. 4C, pi. 9, figs. 3, 4. 

Formation and locality. — Common in the Siluric, Ludlow forma- 
tion, at Leintwardine, Shropshire^ England. 

Remarks. — Sch6ndorf says S. leptoaoma is but a miniature edition 
of Lapworihura mUtoni, both forms being completely identical. The 
disk margin is not convex but concave between the radii. 

STtiltTZIIRA LBPTOSOMOIDBS Ghapmaii. 

SturUura leptotoTnoides Chafuan, Proc. Roy. Soc. Victoria, n. ser., vol. 19, 
1907, p. 26, pi. 7, figs. 1, 2; pi. 8, fig. 4. 

Form^oHon and locality. — ^In the Siluric (Melboumian), Moonee 
Ponds Creek, Flemington, near Melbourne^ Australia. 

Genus EUGASTERELLA, ne^AT name. 

Eugaster Hall (not Eiiffcuter Seville 1839, Orthoptera), Twentieth Rep. N. Y. 
State Cab. Nat. Hist., 1868, p. 290; rev. ed., 1868=1870, p. 332.—ZrrrBL, 
Handb. Pal., vol. 1, 1879, p. 444.— STtoTz, N. Jahrb. Mr. Min., etc., 1886, 
vol. 2, p. 151.— MnxBH, N. Amer. Geol. Pal., 1889, p. 244.— StUhtz, Verb, 
naturh. Ver. preuss. Rheinl., etc., vol. 50, 1893, p. 20. — Greoort, Proc. 
Zool. Soc. London for 1896, 1897, p. 1035. 

EugaatareUa Schuchert, FoesUiiun Gatalogus, Animalia, pt. 3, April, 1914, 
p. 19. 

Original description. — "Body stellate^ consisting of a central alated 
disk; and five long, slender, somewhat flexuous rays. Disk composed 
of small; polygonal tuberculose or subspinose plates on the ventral 
side. Rays consisting of a double series of alternating subquadrate 
ambulacral ossicles, and a series of curved adambulacral plates 
bordering the grooves, and forming the margin of the ray; the outer 
ends overlap the edge of the next plate in advance. Oral plates ten, 
arranged in pairs, forming the terminal plates of the adambulacral 
ranges. Pores lai^e, arranged in two rows in each ray; penetrating 
the ray at the junction of the ambulacral and adambulacral plates 
in such a manner that four different plates border each perforation. 
Adambulacral and disk-plates bearing spines. Dorsal surface 
unknown." 

Oencholotype. — E. logani (Hall). 
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Gregory comments on this genus as follows: 

'' PalsBophiuridsd in which the ambulacra! ossicles are subhep- 
tagonal in f orm, the central suture along the arm being zigzag, while 
the outer angles of the ossicles are cut away for the reception of the 
podia. The adambulacral ossicles have a flat base, and thence bend 
forward crescentically. The mouth frames are massive, and those 
of each pair meet along the middle line of the oral angle. 

''This genus I only know from Prof. James HalVs figures, and, in 
spite of their clearness, I feel much doubt as to the wisdom of diag- 
nosing it from these alone. Its affinities are clearly with the Palse- 
ophiuridsB, but it approaches the ProtasteridaB in one respect, for, 
owing to the deep depressions in the outer angles of the ambulacral * 
ossicles, the outer side forms a short rudimentary wing. The genus 
dijffers from all the Protasteridas by the absence of a muscular groove 
across the ambulacral ossicles. 

"Among the Pal»ophiuiid8B it differs from PalseopMura by the 
absence of marginal ossicles, and from Sturtzura and Tseniura by 
the massive nature of the mouth frames." 

Contains: 
E, hgani (Hall). Hamilton. 
E. (?) concinna (Ringueberg). Rochester. 

SnOASTEREtXA LOGANI (HaU). 

Eugaater logani Hall, Twentieth Rep. N. Y. State Gab. Nat. Hist., 1868, p. 290; 
rev. ed., 1868=1870, p. 333, pi. 9, figs. 7, 8. 

Original description. — "Body stellate, with a small disk and long 
attenuate fiexuose rays. Disk composed of numerous small poly- 
gonal plates with radiated sujifaces; the diameter, measured from the 
sinus to its extension on the opposite ray, is about half as great as the 
length of the ray measured from the center of the disk. Rays, as seen 
from the ventral side, narrow, attenuate, with the ambulacral pktes 
cTirving, and near the base of the rays a little wider than long, and 
toward the extremities longer than wide, with a strong elevated 
transverse ridge. There are about eight pairs of plates inclosed 
within the limits of the disk. Pores penetrating the interstices 
near the outer extremities of the plates, while near the inner end there 
is a depression or pit resembling a partially excavated pore. The 
adambulacral plates as seen from below are extremely narrow and 
very convex on their outer surfaces, forming the margins of the ray. 
Oral plates in pairs, narrow and elongate. 

'"This specimen measures, from the center of the disk to the extrem- 
ities of the rays, about one inch and a half; the widest part of the ray, 
which is near the margin of the disk, is about an eighth of an inch 
in diameter. The rays toward their extremities have the ambuhi- 
cral field covered by the curving of the marginal plates over thfi 
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groove, and which, closely uniting by their margins, give a tereti- 
form termination of nearly one-third the entire length, each one • 
having the aspect of a slender crinoidean proboscis. 

'* Geological farnuUian and locality. — ^In the Hamilton group, near 
Fenner, in Madison County, New York. The specimen was collected 
during the geological survey, and is now in the State Museum." 

SUOASTBREXXA (7) CONCHTNA (Ringueberg). 

Eugagter coneinnua Ringueberg, Bull. Buffalo Soc. Nat. Sd., vol. 5, 1886, p. 8, 
pi. 1, fig. 3. 

This species does not belong to EugastereUa, but until the holo- 
type is restudied it can remain in this genus. It is from the Rochester 
i^ale at Lockport, New York, and is in Dr. Ringueberg's collection. 

Original description. — "Disk flat, thin, alated, composed of very 
fine granulose plates. Rays broad at their base; flattened, rapidly 
tapering for two-thirds of their length; terminal third attenuate, 
rounded; plates, if any, undefinable. 

''Dorsal side with four series of plates; two median and two lateral; 
the transverse sutures dividing the outer series are continuous with 
every other transverse suttire dividing the central series. Medial 
series with twice the number of plates of the outer, and are raised 
above them. 

''Sutures depressed. Surface of the plates rounded and finely 
granular. 

"The lateral series of plates decrease regularly in size after reach- 
ing the disk imtil they end in a pronounced elevation formed by the 
last pair of the medial series at a point about haUway from the 
border toward the center of the disk — ^measming at the narrowest 
part — ^where both series end. Between these elevations the disk 
has a shallow, stellate depression with the points opposite the several 
rays. The two outer rows of plates apparently disappear toward 
the attenuate tip before the median does so. The imperfect cast 
of the upper part of one of the rays is all that is known of the ventral 
side ; this shows traces of an alternating series of ambulacral plates. 

"Marginal plates spiniferous. 

"Length of ray, one-half inch." 

Genus PTILONASTER Hall. 

Prtfonajter Hall, Twentieth Rep. N. Y. State Cab. Nat. Hist., 1868, pp. 291-292; 

rev. ed., 1868=1870, p. 384.— LtJTKBN, Dansk. Vid. Selsk. Skrift., aer. 5, 

vol. 8, pt. 3, 1869, p. 82.— SrtJHTZ, Palaeontographica, vol. 32, 1886, p. 83; 

N. Jahrb. fOr Min., etc., 1886, vol. 2, p. 152.— Gbegoby, Proc. Zool. Soc. 

London for 1896, 1897, p. 1036.— StObtz, Verb, naturh. Ver. preuas. Bheinl., 

etc., vol. 66, 1900, p. 188. 
Palaeoooma Miller (part), N. Amer. Geol. Pal., 1889, p. 266. 

Original description. — "Form and general features as in Eugaster, 
but differing in the plates of the rays. Rays composed of an ambu- 

50601*'— Ball. 88—16 16 
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lacral, adambulacral and marginal series, which are united by their 
edges, and apparently not imbricating, the projecting or oblique 
anterior face of the marginal plates bearing spines which are inclined 
toward the extremity of the ray. Margins of the rays alated by the 
extension of the disk. 

''I had originally united this form with Eugaster, but further ex- 
amination has shown the ray to have a range of mai^inal plates 
outside of the adambulacral plates, and I am imable to discover any 
such feature in Eugaster logani. 

''This and the preceding genus [EugastereUa] belong to the Ophiu- 
ridse, to which may also be referred the genus Protaster" 

" Note. — ^It is only as these pages are going to press that my atten- 
tion has been directed to the similarity of structure in the ray of 
Palaeocoma of Salter with that of the proposed genus PtiUmaster, 
In this illustrated Species of the former genus (PdlseocoTna marstoni) 
the disk is proportionately larger, and the rays much shorter, while 
the outer range of plates is represented as imbricating; but being 
characterized by a double row of plates bordering the ambulacral 
area, it must be regarded as very nearly related if not generically 
identical with PtiUmaster.^* 

Oregory comments on Ptilonasier as follows: "This genus is an ally 
of Eugaster; ♦ ♦ ♦ .it ia, however, generically distinct. I only 
know it from Hall's figures, and therefore prefer to leave the prep- 
aration of a formal diagnosis to an American palaeontologist." 

Oenohohtype and only species. — P. princeps Hall. 

PTILONASTER PRINCBPS HlUL 

Ptilonasier princeps Hall, Twentieth Bep. N. Y. State Cab. Nat. Hist, 1868, 

p. 292; rev. ed., 1868=1870, p. 334, pi. 9, fig. 9. 
Palasocoma princeps Miller, N. Amer. Geol. Pal., 1889, p. 267. 

Original description. — "The specimen consists of the impression of 
the greater part of one ray, with parts of two others, and intervening 
portions of the disk. The disk has extended along the ray nearly an 
inch from the center of the body; the plates are small, and have been 
furnished with slender spinules. The ray is strong and extremely 
elongate, having been at least 4^ inches in length; its greatest width 
is outside of the disk, where it measures seven-sixteenths of an inch. 
The ventral side of the ray shows three series of plates — ^ambulacral, 
adambulacral, and marginal — on each side of the center; of these at 
least seven ranges have been included within the disk. The ambula- 
cral plates are a little wider than long, arranged in alternating order. 
The pores penetrate the interstices near the outer extremity of the 
plates, while the partial or obsolete pores are obscure, becomiog 
deeper and more conspicuous toward the extremity of the ray. Near 
the base of the ray there are 12 plates in the length of an inch, 
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and 14 plates in the same distance in the central portion, while 
toward the extremities there are 20 or more in the same space. 
The marginal plates are subhexagonal, a little longer than wide, and 
ornamented by long slender spines on their outer margins. 

''This is a much larger and more robust species than the EugasUr 
logani, and in its entire condition it is the largest star-fish known in 
our palaeozoic rocks. 

'^Oeclofficai formcOion and locality. — ^In the Chemung group. The 
specimen is in a browmsh-gray sandstone, which weathers to a very 
light ashen color. It was received from Henry S. Randall, Esq., of 
Cortlandyille [New York], in the vicinity of which place it was ob- 
tained." 

The holotype, an imprint, is in the American Museum of Natural 
History, No. 4472. 

Family ENCRINASTERIDiE, new name. 

Aspidoiomatidx Gbeoobt, Geol. Mag., xiec. 4, vol. 6, 1899, p. 351; Tzeat. Zool., 
vol. 3, Echinodeima, 1900, p. 250. — Schokdorf, PalsontQgraphica, vol. 57, 
1910, pp. 55-61. 

PalxffonioBtendiB StI^btz (part), FtdieontQgraphica, vol. 36, 1890, p. 246 (contaiiiB 
AspidosomeUa and PalxMier). 

LysophiursB with boot-shaped ambulacralia ventrally, and large 
disl^ that are bordered with simple marginalia. Apparently only 
the inframarginals are present. 

As Aapidosoma Goldfuss is preoccupied, this name can no longer 
be used for the family name. Encrinaster Haeckel replaces it and 
therefore becomes the base of the family designation. 

The f anodly has the single genus Encrinaster. 

Genus ENCRINASTER Haeckel. 
Plate 35, text fig. 28, 29. 

Aijridotoma Goldfuss (not Asptdosoma Fitzinger 1843, Beptilia), Verh. naturh. 
Ver. preusB. Rheinl., etc., vol. 5, 1848, pp. 145-146. — SDfOKOvnscH, Sitzb. 
d. mat-naturw. Glasse Akad. WIbb., Wien., vol. 64, Abt. 1, 1871, p. 103. — 
ZiTTEL, Handb. Pal., vol. 1, 1879, p. 451, i^, 322.— Srt^BTZ, Palseonto- 
graphica, vol. 32, 1886, p. 92; N. Jahrb. fUr Min., etc., 1886, vol. 2, p. 151; 
Verh. naturh. Ver. preuas. Rheinl., etc., vol. 50, 1893, pp. 38, 55.-^ch5n- 
DOBP, Jahrb. naasanisch. Ver. Naturk., Wiesbaden, vol. 62, 1909, p. 35; 
Pabeontographica, vol. 57, 1910, pp. 1-63. — Spenceb, Mon. Brit. Pal. Aate- 
roEoa, pt. 1 (Pabeontogr. Soc. for 1913), 1914, pp. 23, 24, 49. 

EnerinaMUT Haeckel, Gen. Morphologie, vol. 2, 1866, p. Ixvii (genolectotype 
AsjiidoKma amoldi Goldfuss). 

Diagnosia. — Animals attaining lai^ size, with a comparatively 
large disk. Rays five, more or less petaloid, slender and long, with 
wide and open ambulacral furrows. 
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''Ambulacrals alternating in adjoining columns, while the neigh- 
boring ambnlacrals and adambnlacrals are directly opposite eadi 
other. The margin of the disk is concave and limited by a row 
of more or less conspicuous simple [not two rows of superposed] 
marginalia restricted to the disk. The sides of the free rays are 
bounded by adambulacrals. These and the ambulacrals are [common 
to the two sides of the animals, and abactinally are] roughly sculp- 
tured, usually naked, and only 
in rare cases were adambulacral 
spines observed. Madreporite 
actinal, situated near the peri- 
stome in one of the interradial 
^ J g areas nearest to the left adam- 

FlO. 38.~A]fBI7LACRALIA AND ADAMBTTULCBALIA OF bulaCrals Of a rsdlUS/' (SchOU- 

PEABANCX OF THE PLATES WHEN CRUSHED OB OB- ^""> ^^ ^'Z 

8CX7BED BT CLAT. EACH AMBX7LACBAL HEBE APPBAB8 OCflolBCtotypC. A.8pid080f¥Ul dT' 

l^a^I^^^'.^'^.^^.!^^^^ noldi Goldfuss. Genua restricted 

0BM0BBCLEAMED;C, THE ACTUAL FOBM or THE OSSI- 

CLB8 WHEN WELL PBESEBYED AND COXPLBTELT tO thC LOWCr DcVOuic Of RheiUSh 

^^^^^^OTCL^T. Germany. 

Remarks. — ^This well-known genus has been referred to the asterids 
and to the ophiurids, and though it has most often been placed 
among the true starfishes, it now appears to belong to neither of 
these orders. Schdndorf has restudied the material with great 
care and has made out the detail of the ambulacralia, with the 
result that he erects for Aapidosoma the order Auluroidea. In 
the work of 1910 cited above the matter is set forth in great detail, 
and all that can be done here is to direct atten- 
tion to the more important of his illustrations, 
with their descriptions, reproduced in part here 
and on pages 213 and 214. 

As Aapidosoma was first used for a genus 
reptiles, it can not, under the rules of nomen- /\ \ 
clature, be used again for 'another group of ^s^ 
animals. It is possible, however, under the fio. 29.— obal 8m.noN or 
rules to make use of Encrinaster, but in doing f,^?!!!!^^'!!^^ 

. SEEN PBOM THE DOBWA f ■ tODK, 

so the proceeding should first be explained. much bnlaboed. ajtbb 

Encrinaster was proposed by Haeckel as fol- ^«^^'™"'" 
lows : In defining his sixth order of asterids, the Crinastra or lily stars, 
forms that he said abready had crinoid characters, he cited as exam- 
ples of it Protaster sedgwidcii and P.=Aspidosom4i amoldi. These 
forms, he added, are so different from Protaster miltani ''that we here 
separate the former as Encrinaster (E. sedgwidcii, E. amoldij etc.).'* 
Under ordinary circumstances it would be best to disregard the 
name because of the inadequate definition, but as Aspidosoma is 
preoccupied, we are obliged to propose another name to take ite 
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place. The first mentioned genotype of Encrinaster is Protaster 
aedgwiddij but as this is also the type-species of Protaster, a genus 
in good standing, we may accept the second named species, Aspido^ 
soma amoldi. Therefore it is here proposed to replace Aspidosoma 
Goldf uss (not Fitzinger) by Encrinaster Haeckel, with Aspidosoma 
amoldi Goldfuss as the genolectotype. 

BNCRINASTER ARNOLDI (0«ldfiiM). 

A»jiido9oma amoldi Goldfuss, Verh. naturh. Ver. pieuss. Blieinl., etc., vol. 5, 
1848, pp. 145-146, pi. 5.--MtJLLEB, Verh. naturh. Ver. preuss. Rheinl., 
etc., vol. 12, 1865, p. 4, pi. 1, figs. l-S.—STfJarz, Pakeontographica, vol. 32, 
1886, p. 93. — SghOkdorf, Jahrb. naasauisch. Ver. Naturk., Wiesbaden, 
vol. 62, 1909, p. 38; Pateontographica, vol. 57, 1910, pp. 4, 62, pi. 1, fig. 2; 
pi. 2, figs. 6, 7; pi. 3, figs. 7-9; Jahrb. preuss. geol. Landesanst., Berlin, vol. 
29, 1908, p. 706.— Spbncer, Mon. Brit. Pal. Asteiozoa, pt. 1 (Palseontogr. 
Soc. for 1913), 1914, p. 40. 

Enerinuter amoldi Haeckel, Gen. Morphologie, vol. 2, 1866, p. Ixvii. 

Formaiion and locality. — ^This species is common in the grauwacke 
of the Lower Coblenzian at Winningen, on the Mosel, Germany. 

SNCRINASTBR OOLDrUSSI (Scli8adoff). 

Text fig. 29. 

A9pido9oma goldfusn Schondorp, Pakeontographica, vol. 57, 1910, pp. 11, 62, 
pi. 3, figs. 1, 6. 

Formation and locality. — A common form foimd associated with 
E, amoldi about Winningen, Germany. 

BNCRINA8TBR PSTALOmSS (Stanaoovilidi). 
Plate 35, figs. 5, 6. 

AspidoBoma petahida Simonovitsch, Sitzb. mat.-naturw. Glasse Akad. Wiss., 
Wien., vol. 64, Abt. 1, 1871, p. 106, pi. 4, figs. 1-3.— Zittel, Handb. Pal., 
vol. 1, 1879, p. 453, text fig. 322.~STeBTZ, Fftleontographica, vol. 32, 1886, 
p. 92. — ScHdNDOBr, Jahrb. nassauisch. Ver. Naturk., Wiesbaden, vol. 62, 
1909, p. 37, pi. 4, figs. 4, 5; Palaeontographica, vol. 57, 1910, pp. 14, 63, pi. 1, 
figs. 3, 4; pi. 2, fig. 4; pi. 3, figs. 10-16 (complete synonymy given here). 

This species is described in great detail by its author and by 
Schdndorf, and is well illustrated. Here as elsewhere the abactinal 
skeleton is that of the actinal area seen from the dorsal side. 

Four specimens of this species were found in grauwacke of Upper 
Coblenzian age, in the old quarry back of the Hohenrheiner furnace 
at Niederlahnstein, Rhenish Germany. 

BNCSINA8TBR PBTALOmBS OOSLAIUBNSIS (HiMtt). 

AspidoBoma peialoideSf var. goslarienns Halfar, Jahrb. preuss. geol. Lande- 
aanst., Berlin, vol. 13, 1893, p. 186, pi. 10, figs. 1, la.— ScHdNDORF, 
Paloontographica, vol. 57, 1910, pp. 21, 63, pi. 2, fig. 5; Jahrb. preuss. geol. 
Landesanst., Berlin, vol. 29, 1908, p. 707. 

Formation and locality. — ^The holotype is from the Lower Devonic 
of the Harz^ Germany. 
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BNCRINASTBR TISCHBBII9IANUS (Roemer) emend. Stilxtz. 

AapidoaoTna tiaehheinianum Roemer, PalsBontographica, vol. 9, 1863, pp. 144-146, 
pi. 23. — QuENSTEDT, Petre^tenkunde Deutschlandfl, vol. 4, 1876, p. 76, 
pi. 92, fig. 39.— ^TtjRTZ, Palseontogiaphica, vol. 32, 1886, p. 92, pi. 12, % 
1, 2.— ScHONDORF, Palseontographica, vol. 57, 1910, pp. 23, 62, pi. 1, fig. 1; 
pi. 3, figs. 4f 5 (complete synonymy given here). 

FomuUion and locality. — Common in the roofing slates of the 
Rhenish Lower Deyonic at Bundenbach, near Birkenfeld, Germany. 
As many as 60 individuals have been found on a slab. 

Cat. No. 35117, U.S.N.M. 

XNGRINASTER ROSMSRI (Schlindo d D. 
Text ^. 28. 

Aspidosoma HsMemianvm Boexsr (part), Fdasontographica, vol. 9, 1863, pi. 25, 

fig. 11. 
Atpido8oma roemeri ScH5)n>ORF, FkJasontographica, vol. 57, 1910, pp. 28, 62, 
pi. 2, fig. 3; pi. 3, figs. 2, 3. 

FarmaHon and locality. — ^Found associated with E. tischbeinianus 
at Bundenbach, Germany. 

SNCRINASTttR 8CHMIDTI (SchOndocf). 

ABpidoaoma schmiM Sch5ndorf, Palseontographica, vol. 57, 1910, pp. 31, 63, 
pi. 1, ^, 6; pi. 3, figa. 17, 18 (complete synonymy given here). 

Formaiion and locality. — ^A slab with six specimens from the Lower 
Devonic (Herdorfer zone of the Siegen) at Oberdielfen, Germany. 

SNCRINASTBR EIFELBNSIS (Schfindocf). 

AspidoBoma e^eUrue ScHdNDORF, PalsBontographica, vol. 57, 1910, pp. 34, 63, 
pi. 1, fig. 5. 

Formaiion and locality. — Known by several examples from the 
Lower Coblenzian at Oberstadtfeld, Eifel, Germany. 

SNCRnCASTBR PONTIS (Cluke). 

Aspidoaoma f pontis Clarke, Monog., I, Serv. Geol. Min. Brasil, 1913, p. 312, 
pi. 27, figs. 1-8; Bull. N. Y. State Mus., No. 164, 1913, pi. 35, figs. 1-4. 

Original description. — '*This very graceful starfish occurs in abund- 
ance in the soft gray shales of Ponta Grossa, sometimes in clustered 
groups with its long and slender arms curled and intertwined, more 
often as single individuals lying in beds with shells of Orbiculoidea 
and various lamellibranchs. I have counted 20 individuals among 
the specimens at my command and, singularly, every one of these is 
preserved with its ambulacral face up. The removal of all calcareous 
matter has left only internal casts of this surface from which it has 
been possible to gain an idea of external structures from carefully 
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made impressions. No specimen gives any clue to the dorsal exterior 
save one arm which has been turned sidewise showiag a part of that 
siirface. 

"The striking character of this starfish is the unusual deUcacy of 
its arms,, which are very slender and long for a true asteroid and 
present an appearance very suggestive of an ophiuran. These slender 
arms are usually so exposed as to show only the alternating am- 
bulacra! plates which increases the effect of slendemess; but the 
adambulacrals are occasionally present and give the arms increased 
width. These arms are all clearly sulcate, the median groove being 
sharply marked in all casts by a thin elevated ridge running the 
entire length of the arm. The soft shale holding these specimens is 
not a very satisfactory matrix from which to take the special struc- 
tures of Uie animal but in good part these can be made out. The 
ambulacral plates are quadrate in outline; alternate in position along 
the arm groove, and together are arched so that normally the am- 
bulacral surface is an arched ridge rising above the rest of the surface. 
These plates, in their arched position, are slightly spaced or dis- 
placed along adjoining edges leaving passages from the ambulacra. 
They are usually broken down or dipped over each other in com- 
pression so that the arm seldom shows them in the true position. 
The surface of these plates is finely granular. The adambulacrals 
constitute one (or more ?) lateral rows and are so seldom weU defined 
that I am not able to represent them with precision but each of them 
seems to carry one short spine and all to be granulated on the surface. 
The body of the animal is deeply incut by the arms, which radiate 
from a narrow center, sharply quinquepartite by the buccal cavity. 
The oral apparatus is pretty well made out. The oral frames, one 
for each arm, are very conspicuous, though varying in size in different 
individuals. Each is broadly saddle-shaped, spht medially, the distal 
parts joined by a suture, tlie proximal ends spreading apart at a 
sharp angle which opens into the oral cavity. Their surface is 
rounded and granulate, the distal ends elevated, and often each half 
is inclined downward toward the other along the median suture. 
At each proximal angle lies a sharp jaw or tooth. The whole of the 
body surface is occupied by the oral rosette composed of the five 
buccal divisions." 

ForTnaiion and locaUty. — From the Devonic of Ponta Grossa and 
Jaguariahyva, Brazil. 

BNCRINASTBR (7) GRATA (Spencer). 

AMpidotoma grayx Spencer, Mon. Brit. Pal. ABterozoa, pt. 1 (Palaeontogr. Soc. 
for 1913), 1914, pp. 23, 24, 33, 38, text figs. 22, 24, pi. 1, ^. 8. 

Occurs in the Caradoc of Great Britain. 
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Order STREPTOPHIUR^E Bell. 

Streptophiurx Bell, Proc. Zool. Soc. London for 1891, 1892, p. 179. — Grb«ort, 

Proc. Zool. Soc. London for 1896, 1897, p. 1036; Treat. Zool., vol. 3, Echino- 

derma, 1900, p. 274. 
Protophiurex StIIrtz, Verb, naturh. Ver. preun. Kheinl., etc., vol. 56, 1900, 

p. 200. — Sch5ndorf, Jahrb. nanaiuBch. Ver. Naturk., Wiesbaden, vol. 63, 

1910, pp. 234, 239, 251. 
Ophiurasterix Sch5ndorf, PalsBontpgraphica, vol. 57, 1910, p. 61. 

Diagnosis by Gregory (1897). — Auliiroidea "in which the ambu- 
lacra! ossicles are opposite and are generally fused into vertebral 
ossicles. In such cases the vertebral ossicles articulate by a more 
or less simple ball-and-socket joint/' 

''RemarJcs. — The main character of this order is that the ambu- 
lacral ossicles are paired, but primitive. The order differs from the 
preceding [Lysophiurae] by having .the vertebral ossicles always 
opposite instead of alternate. In some of the simplest members of 
the order, as Ophiurina, the ossicles are not fused, there are no 
ventral arm shields, and an ambulacral furrow runs along the ven- 
tral side of the arm. In the next higher family, as in the genus 
Lapv)orihura, the ambulacral ossicles are fused, but have plain 
articulating surfaces, and there is an ambulacral furrow." 
Contains the families: 

OphiurinidfiB. 

LapworthuridaB. 

EoluidiidaB. 

Aganasteridse.. 

CholasteridaB. 

Family OPHIURINIDiE Gregory. 

Ophiurinidx Grbooby, Proc. Zool. Soc. London for 1896, 1897, p. 1037; Treat. 
Zool., vol. 3, Echinoderma, 1900, p. 275. — StObtz, Verb, naturb. Ver. preuas. 
Bbeinl., etc., vol. 56, 1900, p. 201. — ScHdNDOBr, Jabrb. naflBauuch. Ver. 
Naturk., Wiesbaden, vol. 63, 1910, p. 234. 

Original diagnosis. — '' Strep tophiursd with ambulacral ossicles, 
only slightly united, and without ventral arm plates.'' 
Contains the genera: 
Ophiurina Stiirtz. 
Trem4ita^ter Worthen and Miller. 

Genus OPHIURINA StUrtz. 

Ophiurina StOrtz, Palseontograpbica, vol. 36, 1890, p. 232. — Grsoobt, Proc. 
Zool. Soc. London for 1896, 1897, p. 1037. 

Gregory's diagnosis reads as follows: ''Disk circular^ with mar- 
ginal plates. Ambulacral ossicles long, narrow bars. Syngnaths 
rod-shaped. Adambulacral plates absent or altogether lost from 
the fossil." 
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Genoholoiype and only species. — 0. lymani Stdrtz (citations as 
above). Lower Devonic, Bundenbach, Germany. 

Genus TREMATASTER Worthen and Miller. 

TrenudoMUr Wobthen and Miller, Geol. Surv. Illinois, vol. 7, I8S3, p. 330. — 
MiLLBR, N. Amer. Geol. Pal., 1889, p. 286. — Gbegort, Plroc. Zool. Soc. 
London for 1896, 1897, p. 1037. 

Original description. — "Body stellate, central part discoid, rays 
long, flexuous, and gradually tapering. Rays consisting of a double 
series of ambulacral plates, forming, together, a subcuneiform se- 
ries, with the tapering ends directed toward the apices of the rays 
and uniting witii the larger ends of the succeeding double plates, 
upon each side of which there is a series of curved adambulacral 
plates, which form tiie margins of tiie rays. The pores are large 
and situated between the contracting sides of the ambulacral plates 
and the concave sides of the curving adambulacrals. Four plates 
border upon each pore though nearly surrounded by two of them. 
Plates 10. Dorsal surface unknown. 

"This genus is distinguished by the parallel arrangement of the 
ambulacrals and adambulacrals, instead of the alternate order, and 
by the large pores." 

Gregory's diagnosis is as follows: "Disk with concave inter- 
brachial outlines. No marginal plates. Ambulacral ossicles short. 
Adambulacrals present." 

Oenoholoiype. — T. dijfficUis Worthen and Miller. T. (?) decheni 
(Dewalque) may also belong here. 

TBBMATASTSR DITFICIUS Worthan and Mitter. 

jyematasUr diffieilis Worthen and Miller, Geol. Surv. IllinoiB, vol. 7, 1883, 
p. 330, pi. 31, figs. 3<z, 36. 

Original description. — "Body stellate, disk small, rays long, 
fleruous, and gradually tapering. Ambulacral plates subtrigonal, 
elongated, and united upon their straight faces in parallel order, 
80 as to form a series of subcuneiform sections at the bottom of 
the ambulacral groove, with the tapering end of each directed toward 
the apex of the ray, and uniting with tiie larger end of the next 
succeeding double plate. 

"Adambulacral plates parallel with the ambulacrals, and each 
forms a curve from the larger end of an ambulacral toward the 
apex of the ray, to unite with the next succeeding adambulacral as 
it curves away from its attachment to the ambulacral. By this 
order of construction the adambulacrals are fixed^ at one end, to 
the ambulacrals, while the other end moves upon the curved surface 
of an adambulacral so as to allow the same lateral flexibility- of 
the rays, secured in other genera by the alternate arrangement of 
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the plates. The pores are large and situated between the contract- 
ing sides of tiie ambulacral plates, the concave sides of the adam- 
bulacrals, and the attaching ends of the succeeding plates, so that 
they are bounded by four plates while nearly surrounded by two. 

''The oral plates form, in pairs, elongated triangles, with the 
acute angle directed toward the center of the visceral cavity. The 
apices are joined by a suture with the basal portions, which are 
partly separated by a dividing furrow. A single genital pore per- 
forates each basal section of the oral plates. Dorsal side unknown. 

''Locality and position: Prairie du Long Creek, Monroe County 
[nUnois], CSiester limestone. 

"No. 2479, lUinois State collection of 1878." 

TRBBCATASTER (?) DSCHENI (Dewilqae). 

Protaster decheni Dewalqub, Ann. Soc. g^l. Belgique, vol. 8, 1880, pp. 52-54, 

pi. 3, figs. 1, 2. 
Tremataater (f ) decheni Gbbgoby, Proc. Zool. Soc. London for 1896, 1897, p. 1037, 

footnote. 

Formation and locality. — ^Upper Devonic at Walcourt (Namur) 
and Tohogne (Luxemburg), Belgium. 

Family LAPWORTHURIDiE Gregory. 

LapwoTthwridx Greoort, Proc. Zool. Soc. London for 1896, 1897, p. 1037.- 
StCrtz, Verb, naturh. Ver. preuas. Rheinl., etc., vol. 56, 1900, p. 203.- 
Gregort, Treat. Zool., vol. 3, Echinodeima, 1900, p. 275. — SchOndobf, 
PalfBontogiaphica, vol. 57, 1910, p. 58; Jahrb. naaBauisch. Ver. Naturk., 
Wiesbaden, vol. 63, 1910, pp. 235, 239. 

FwctuUridx StOrtz, Verh. naturh. Ver. preuw. Rheinl., etc., vol. 56, 1900, p. 
203. — SchOndorf, Jahrb. naaBauisch. Ver. Naturk., Wiesbaden, vol. 63, 1910, 
p. 235. 

Palaospondylidx StOrtz, Verb, naturh. Ver. preuas. Rheinl., etc., vol. 56, 1900, 
p. 201. — SchOndorf, Jahrb. naaaauisch. Ver. Naturk., Wiesbaden, vol. 63, 
1910, p. 235. 

Original diagnosia. — "Streptopliiuroida without ventral armplates 
or buccal shields; ambulacral ossicles fused, but their articulating 
surfaces are plain. Madreporite dorsal." Schondorf states that this 
plate is on the ventral side, and that the ambidacrals are not fused 
(p. 239). 

Contains the genera: 
Squamaster Ringueberg. 
Lapworthvra Gregory. 
Stilrtzaster Etheridge. 
BdeHacoma Salter. 
Rhopaloconui Salter. 
HaUaster StUrtz. 
Sympterura Bather. 
Furcaster Sturtz. 
Palaatropeden Stilrtz. 
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StUrtz proposes that the family LapworthuridsB be divided into 
three families. In the original family will remain Squanuister, Lap- 
tDorihuray HaMaster, and Sympterura, The family Furcasterid» has 
FurcoHeTy while the PalsBospondylid» embraces Palxospondylus, the 
latter name being later changed to Palastropecten by Sttirtz, as it 
was preoccupied ; the family name will, theref ore, have to be 
changed to Palastropectinid», as was done by Batiher in 1905 (p. 168). 

Genus SQUAMASTER Ringueberg. 
Sgnanuuter Rinoubbxbo, Bull. BufEalo Soc. Nat Sci., vol. 6, 1886, p. 5. 

Original description. — ''Body small. Rays long, slender, tapering, 
flexible, and divided into annular segments. 

''Ventral side of ray with two series of paired, opposite ambulacral 
plates, divided by a straight median line; tihey are irregularly sub- 
quadrilateral, with one short side, and are arranged in pairs in each 
series, so that two long and two short sides are joined alternately; 
consequently there is a long transverse suture regularly alternating 
with a short one. This disposition gives dentate lateral margins to 
the ambulacral series. The lateral ends of the long transverse 
sutures curve away from each other, leaving a small notch between 
the inferior plates of each pair and the superior plates of the adjoining 
pairs. This notch receives the inner lateral comers of the squamose 
dorsal plates. Between the dentate elevations of the ambulacral 
plates and the lateral margins of the dorsal plates there are large 
triangular openings, which constituted, or in which were placed, the 
pores. 

''Dorsal side composed of large, quadrangular, squamose plates, 
that encircle the arm as far as the ambulacral groove of which they 
form the margin. They are divided in the upper portion of the 
ray by a median suture. 

"Dorsal, ray plates fimbriated on the free margins. 

"All plates are perforated by minute, closely arranged pores/' 

Genoholotype and only species. — 8. echinatus Ringueberg. 

SQUAICASTBR SCHIN ATUS RlatiMbeii. 

Squamoiter eehinatiu RiHOUEBBRa, Bull. Buffalo Soc. Nat. Sci., vol. 5, 1886, 
p. 6» pi. 1, fig. 1. 

Original description. — ' ' Body small. Rays long, slender, not widen- 
ing at the base; regularly tapering to a subobtuse point. Dorsal side 
covered by thin imbricating plates, with free external margins which 
are edged on the outer and lateral sides with closely arranged, long, 
slender, fiiliform spinules, that articulate into minute rounded sockets, 
which are scaDoped out of the margin of the plate; they are slightly 
longer tlutn the exposed portion of the plate, and are placed about 
their own diameter apart. 
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''Ray divided into about 40 segments or articulations by the 
encircling, dorsal plates; these grow rapidly narrower near the body, 
and are divided by a dorsal suture running along a raised median 
ridge which extends about two-fifths of the length of the ray from 
the body out, where it gradually disappears with the last divided 
plate; the rest are entire. These plates are quadrangular, and have 
their inner comers articulated into the socket formed in the dentate 
lateral extensions of the ambulacral series. They are ornamented 
on each side by two or three closely arranged, subparallel, very fine 
ridges, that commence near the dorsal line at the free margins and 
extend diagonally backward across the plate toward the inner lateral 
articulated comer. Ambulacral groove furnished with opposite, 
irregularly quadrilateral, ambulacral plates, divided by a median 
suture which is crossed alternately by one long and one short suture. 

''The supe^or plate of each pair has the greatest extension later- 
ally, while in the inferior it is the direction of the median line, it 
being about twice as long as the superior, which, however, is but 
slightly broader. 

"Between the lateral margins of the dorsal plates and the dentate 
elevations of the ambulacral plates are large subtrigonal open spaces. 

"The plates are punctured by very closely arranged minute 
perforations." 

Formation and locality. — In the Rochester shale, at Lockport, New 
York. The holotype is in the collection of Dr. Ringuebei^. At 
least one (No. 1110) and probably two other specimens (No. 465) 
are in the Walker collection of the University of Toronto. They are 
from the Rochester shale, at Grimsby, Ontario. 

Genus LAPWORTHURA Gregory. 

Text fig. 30. 

LapwoTtkwra Gregory, Pioc. Zool. Soc. London for 18»6, 1897, p. 1037, tg. 5.— 
SchOndorp, Palaontographica, vol. 67, 1910, p. 68; Jahrb. naflaauiach. Ver. 

>^^^^ ^ Naturk., Wieabaden, vol. 63, 1910, p. 208.— Sollas and 

,,^V''=^nPp*V^^ SoLL48, PhiloB. Trans. Roy. Soc. London, aer. B, voL 
^*^ ^-JLJ ftg^ 202, 1912, p. 213.— Spbncbr, Mon. Brit. Pal. Aateroioa, 

pt. 1 (Palaeontogr. Soc. for 1913), 1914, pp. 26, 32, 40, 49. 

Original diagnosis. — ''Disk circular, well 
marked. Arms very flexible, broad; at first 
Pio. ao.-yiHTBAL wBtJcTUBE uniform in width and then tapping slowly. 
Of ABM Of lapwobthuea, Ambulacral ossicles with the distal and prox- 
imal margins parallel ; with lateral wings cmr- 
ing romid the podial pores. Madreporite large/' dorsal. 
Oenohohiype. — Protaster miUoni Salter. 
Schdndorf remarks as follows (1910&:58): 

The ossicles of LapivorOiura have been described several times, 
but never correctly. The ambulacrals are undoubtedly opposite. 
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and both dorsally and ventrally have the structure of Encriruister. 
The adambulaeraJs are also opposite to the ambulacrals, and have 
long forward directed spines. In regard to the dorsal position of 
the madreporite, he states that the abactinal area has been mistaken 
for the actinal, and that therefore the madreporite lies upon the 
ventral side. 

The disk is not circular in outline, but concave between the inter- 
radii. 

LAPWORTHURA MILTONI (Satter). 

Protaster miltoni Salter, Ann. Ma^. Nat. Hist., ser. 2, vol. 20, 1857, p. 330, pi. 9, 
fig. 4. — ^Weight, Mon. BritlBh Foes. Echinod., Oolitic, vol. 2, pt. 1 (False- 
ontQgr. Soc. for 1861), 1862, p. 32, fig. 18. — Quenstedt, Fetrefactenkunde 
Deutachlands, vol. 4, 1876, p. 75, pi. 92, fig. 36.— StCrtz, N. Jahrb. fflr Min., 
etc., 1886, vol. 2, p. 148; Paleeontpgraphica, vol. 32, 1886, pp. 79, 94, pi. 8, 
fig. 6. 
Lapwortkiura miltoni Greoort, Proc. Zool. Soc. London for 1896, 1897, p. 1037, 
Bg. 5. — SchOndorf, PaUeontQgraphica, vol. 57, 1910, p.. 58; Jahrb. nassau- 
iBch. Ver. Naturk., Wiesbaden, vol. 63, 1910, p. 208. — Sollas and Sollas, 
Fhilos. Trans. Roy. Soc. London, ser. B, vol. 202, 1912, p. 214, text figs. 1, 
2, 4 D, pi. 9, figs. 1, 2; pi. 10, figs. 1-4.— Spencer, Mon. Brit. Fal. Aster- 
ozoa, pt. 1 (PalseontQgr. Soc. for 1913), 1914, pp. 25, 32, 35, 36, pi. 1, fig. 9. 

FarnuUion and locality. — ^Abundant in the Lower Ludlow of the 
Siluric at Leintwardine, England. See elsewhere in this work 
(p. 237) under Stilrtzura lepiosoma, which Schondorf states is but 
the young of L. miUoni. The same author states further that the 
latter species either embraces several species or the form has a long 
geologic range, for a nimiber of species and genera appear to be 
identical with L, miUoni. 

Cat. No. 69394. U.S.N.M. 

LAPWORTHURA 80LLASI Spencer. 

Lapwofiikwra toUasi Spencer, Mon. Brit. Pal. Asterozoa, pt. 1 (Falseontogr. Soc. 
f<Mr 1913), 1914, pi. 1, fig. 10. 

Occurs in the Siluric of Great Britain. 

LAPWORTHURA (? "pcobeblyiugeii.") species (Miller and Otirley). 

Aqanaster (7) sp., Miller and Gurlet, Sixteenth Rep. Geol. Surv. Indiana, 
1891, p. 372, pi. 9, figs. 12, 13; authors' extracts, 1890, p. 58.— <jreoort, 
Proc. Zool. Soc. London for 1896, 1897, p. 1038. 

Original description. — *' We have figured this fragment to show the 
anchylosis of the oral plates, and the pores passing through the 
ambtilacral plates, and also those passing between them. It will 
be observed that one pore passes through each plate near the mai^nal 
end, while a double row of pores passes between the plates in the 
central part of the arm furrow. We believe this is an Aganaster, 
from the depth of the central part of the disk, and the arrangement 
of the plates in the arm furrows; but the specimen is larger than any 
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Aganester gregarius we have seen and the rays are wider, and as we 
do not know the position of the pores in the rays of Aganaster, it 
may be our specimen does not belong to this genus." 

Remarks. — "Seems to me to be aUied to La'pmorOmra, and at least 
a member of the same family. It apparently has no ventral ann- 
plates, but an open furrow, and thus differs widely from Aganaster, 
It is probably a new genus." (Gregory.) 

FormaAon wnd locality. — Not given. The specimen may be in 
the Gurley collection of the University of Chicago. 

Genus STURTZASTER Etheridge. 

Palssocoma Sai/ter (not D'Orbigny 1860), Rep. Brit. Aasoc., 1857, Trans, of sec- 
tions, p. 76; Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, pp. 324, 327. — ^Wbight, 
Mon. British Foss. Echinod., Oolitic, vol. 2, pt. 1 (Pakeontogr. Soc. for 1861), 
1862, pp. 23, 29. — Quenstedt, Petrefactenkimde Deutschlands, vol. 4, 1876, 
p. 81, pi. 92, fig. 43.— ZiTTEL, Handb. Pal., vol. 1, 1879, p. 453.— StCetz, 
N. Jahrb. fUr Min., etc., 1886, vol. 2, p. 152; Verb. naturh. Ver. preuse. Rheinl., 
etc., vol. 50, 1893, pp. 45, 62. 

Sturtzaster Etheridob. Kec. Australian Mus., v61. 3, 1899, p. 129. — SchOndort, 
Jabrb. nassauiscb. Ver. Naturk., Wiesbaden, vol. 63, 1910, p. 217. 

Oenohohtype. — PaldRocoma marstoni Salter. 

Remarks. — Palseocoma^StHrtzaster, BdelUicama, and Khopalcccmaj 
all of Salter, are very poorly known, due to the fact that the specimens, 
though not rare, occur in a calcareous shale and are pressed flat till 
they have become a thin film of plates greatly obscured by an abun- 
dance of spines. Of P. marstoni, the genotype, the writer has seen 
five examples, presented to the United States National Museum by 
W. R. Billings. On the basis of the characters revealed by these 
specimens, he was inclined to leave the genus among the Asteroidea 
and in close association either with the Mesopal»asterin» (nearest 
Mesopalseaster, a phanerozonian), or the SchuchertiidsB (near Schuch- 
ertia, a cryptozonian). 

The long, slender and serrated spines of Stilrtzaster are peculiar to 
the genus. In their abundance and character they remind one more 
of ophiurids than of asterids. 

The figures of Salter and Wright, if correct, recall the large-<lisked 
crjrptozonian genus ScliuchertAa, and it was this character that prob- 
ably also led StClrtz to refer SturtzaMer to the same group in asso- 
ciation with the genera PalaMeriscus, Loriolaster, and Cheiropteraster. 

Etheridge in 1899 called attention to the fact that D'Orbigny pro- 
posed in 1850 ^ the new generic name Paixocoma for Ophiura muUeri 
Phillips of the Lias. A name once proposed can not be used again 
in another sense, and therefore Mr. Etheridge is within the rules of 
nomenclature in substituting for Salter's second usage of Paiseocoma 

' Prodome, vol. 1, p. 240, 
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the name of Stiirtzaster, with Palseocoma marstoni Salter as the 
genotype. 

In 1910 Schdndorf was able to study ''several right good examples" 
of S. marstoni, and strangely the form turns out not to be an asterld 
but an aulurld, with the essential ambulacral characters of Lap- 
vxjrtkura miUoni, He states that the ambulacrals are not alternate, 
as stated by Salter, but opposite one another. Therefore the 
ambulacrals and the ad ambulacrals are also opposite. The adam- 
bulacrals bear two or three spines on their outer edges, and Salter's 
statement and figures showing two columns of ossicles outside of the 
ambulacrals appear to be very wrong. Schdndorf states that the 
peculiar preservation of the arm skeleton has given rise to this state- 
ment of Salter, and that there are only ambulacrals and adambula- 
orals present. The oral skeleton is distinctly adambulacral. A 
madreporite is not determinable. 

On the dorsal side, all that can be clearly made out is the presence 
of ambulacrals and adambulacrals, all of which are arranged in trans- 
verse rows. 

STtfRTZASTBR MARSTONI (SjJter). 

Palxoeoma maruUmi Sai;tsr, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, p. 328, 
pi. 9, figs. 3a-3c.— Wright, Mon. British Foss. Echinod., Oolitic, vol. 2, 
pt. 1 (PalsBontogr. Soc. for 1861), 1862, p. 30, fig. 17. — Quenstedt, Petrefacten- 
kunde Deutschlands, vol. 4, 1876, p. 81, pi. 92, fig. 43. 

SturizasUr marttoni SghQndobf, Jahrb. nassauisch. Yer. Naturk., Wiesbaden, 
vol. 63, 1910, p. 217. 

FormoHan and locality. — Common in the Lower Ludlow of Church 
Hill, Leintwardine, England. Specimens are in many museums^ the 
United States National Museum and the Yale Museum both having 
individuals. See S. colvini and 5. cygnipes. 

Cat. No8, 60624, 60625, U.S.N.M. 

STtfRTZASTBR COLVINI (Sidter). 

PaUeocoma colvini Salter, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, p. 328. — 
Wbioht, Mon. British Foes. Echinod., Oolitic, vol. 2, pt. 1 (Pa]»ontogr. Soc. 
for 1861), 1862, p. 30. 

Sturtzaster eolvini Sgh5ndorf, Jahrb. nasBaiiisch. Ver. Naturk., Wiesbaden, vol. 
63, 1910, p. 219. 

Formation and locality. — ^In the Lower Ludlow, Leintwardine, Eng- 
land. ' ' Probably completely identical with S. marstoni.^' (Schdndorf. ) 

STORTZASTSR CTONIPBS (Sidter). 

Palxocoma eygnipes Salter, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, p. 329. — 
Wright, Mon. British Foss. Echinod., Oolitic, vol. 2, pt. 1 (Pakeontogr. Soc. 
for 1861), 1862, p. 30. 

StwrtzMier cygnicept (cdc) Sch5ndorf, Jahrb. nassauisch. Ver. Naturk., Wies- 
baden, vol. 63, 1910, p. 219. 

Formation and locality. — ^Lower Ludlow, Leintwardine, England. 
"Probably completely identical with 8. marstoni." (Schondorf.) 
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8T1}RTZA8TSR (?) BdTCHSLU Btbnldce. Jr. 

Sturtzaster (?) mUehelli Ethbridoe, jr., Rec. Austxaliaa Mub., voL 3, 1899, p. 128. 

FormaMon and locality, — ^A single specimen from the Upper Trilo- 

bite bed of the Siluric (Wenlock series) at Bowning, New South 

Wales. 

Genus BDELLACOMA Salter. 

Palxocoma (BMlacoma) Salter, Ann. Mag. Nat. Hist., ser. 2, voL 20, 1857, p. 

324.— Wright, Mod. British Foes. Echinod., Oolitic, vol. 2, pt. 1 (Pahe- 

ontogr. Soc. for 1861), 1862, p. 31.— Zittel, Handb. Pal., vol. 1, 1879, p. 

453.— Srt^RTz, Palsontographica, vol. 32, 1886, p. 96. 
BdeUacoma Sturtz, Veih. naturh. Ver. preuas. Rheinl., etc., vol. 50, 1898, pp. 46, 

63. 

Oenoholotype and ofdy species. — P. (B.) vermiformis Salter. Lower 
Ludlow, Leintwardine, England. 

Remarks. — ^Until this form is restudied and brought up to date the 
supposed subgenus of Palxocoma has no value. 

Genus RHOPALOCOMA Salter. 

Palxocoma (Rhopaloeama) Salter, Ann. Mag. Nat. Hist., ser. 2, vol. 20, 1857, 
p. 329.— Wright, Mon. British Fosb. Echinod., Oolitic, vol. 2, pt. 1 (Pa]s&- 
ontogr. Soc. for 1861), 1862, p. 31.— Zftiel, Handb. Pal., vol. 1, 1879, p. 453.— 
Srt)RTz, PalsBontographica, vol. 32, 1886, p. 96. 

Rhopalocoma StObtz, Verh. naturh. Ver. preuss. Rheinl., etc., vol. 50, 1893, 
pp. 46, 63. 

Genoholotype and ofdy species. — P. (R.) pyrotechnica Salter. Lower 
Ludlow, Leintwardine, England. 

Remarks. — ^This form also requires modernization, and until then 
the supposed subgenus has no value. 

Genus HALLASTER StUrtz. 

Protaster Hall (not Forbes), Nat. Hist. N. Y., Pal., vol. 3, 1861, p. 134; 

Twentieth Rep. N. Y. State Gab. Nat. Hist., 1868, p. 293; rev. ed., 1868= 

1870, p. 336. 
HalUuUr Srt^RTz, N. Jahrb. ftir Min., etc., 1886, vol. 2, p. 160. 

Original description (Sturtz). — "Ambulacral plates alternating 
[they are opposite]; the podial pores lie between these and the side 
plates. The dorsal skeleton consists of two columns of dorsal plates 
and two of lateral plates, of which the former adjoin medially along 
the rays. For P. forhesi Hall of the Silurian of North America I 
propose the generic name HaUaster, because on the one hand Forbes 
did not sufficiently characterize his Protastery and on the other the 
above species in the sense of Salter's Protaster is not congeneric 
with it.'' 

Oenoholotype and only species. — Protaster forhesi Hall. 

Remarks. — ^This genus appears to be most closely related to Lap- 
vxjrtliura. with the most obvious difference in the shape of the am- 
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bulacral ossicIbs. In HdUaster the lateral wings of the plates curve 
round tJie podial openinga prozimally, while in Lapworthura they do 
so distally. Further, the side plates of the latter genus hear spines 
along their sides, while in the former genus they are restricted to the 
distal endB of the plates. 



(am. 
Text fig. 31. 

ProtatUT forbeti EuA,Nftt Hist. N. Y., Pal., vol. 3, 1861, p. 134, pi. 7^, figa. 

8-10; Twentieth Bep. N. Y. State Cab. Nat. Hist., 1S6B, p. 293, pi. 9, figx. 6. 

6; rev. «d., 1868— 1S70, p. 336, pi. 9, figa. 6, 6.— Quxhsieivt, Petrefacten- 

konde Deutschlands, vol. 4, 1876, p. 134, pi. 96, 6g. 13.— StUriz, PalsrattO' 

graphica, vol. 32, 1886, pp. 78, 83. 
BdOaMta-foTbeti StObts, N. Jahrb. fOr Min., etc., 1886, vol. 2, p. 160. 
The original description will not be repeated here because it is 
faulty and was later corrected by Hall. 

HaU'gdescriptionoflSSS.—P.forbeai "has acircu- 
lar disk, composed of squamif onu spiniferoua plates 
and five long flexuous rays. These rays I have 
[or^;inBlly] represented as composed, on the lower 
side, of a double rai^e of [adambulacral] plates, as 
described and represented by Professor Forbes, but '"■ >i-— Aofw*L xat 
finding outside of these a range of small ossicles k 
[aide plates] to which are attached the spine bases, *" 
these have been shown as a part of an articulating 
spine (in the illustration, plate 7A^), an unnatural representation, 
which I am now able to correct. 

"In the species from the Lower Helderberg group, Protaster forbesi, 
the ventral surfaces of the r&ys aro composed of an ambulacral and 
adambulacral series of plates on each side [there are no ventral ray 
plates]. The ambulacral plates are oUiquely quadrangular and alter- 
nating in a slight degree [in the type they are opposite]; the adambu- 
lacral plates as seen from the lower side are narrow, eloi^te, oblique, 
and laterally imbricating, presenting the appearance of an oblique 
ridge wiUi the anterior extremity projecting, and forming the point 
of attachment for the spines, with which each one is furnished. [These 
spines are striated longitudinally.] When the ray is abruptly curved, 
these plates project outward, sometimes almost rectangularly; and 
when at the same time the ambulacral area is obscured by adhering 
matrix, these plates might readily be mistakui for appendages of 
the inner ranges. The pores are comparatively lai^e, truncating 
the outer adjacent angles of the ambulacral plates, while the base 
of one adambulacral plate and the side of another form the exterior 
margin. The centers of the upper sides of the rays are composed of 
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two ranges of subimbric&ting [dorsal] plates, wbidi are doselj joined 
along the median line; the marginal plates are the upper edges of the 
adambulacral plates, which bear on their anterior ends one, two, or 
three short spines." 

FormaJHon and locality. — ^From the Coeymans member of the Hel- 
derbergian series of the Lower Deyonic, at Jerusalem liili, near 
Litchfield, New York. The holotype is in the American Museum of 
Natural History, No. 23Q2. There are two good specimens and a 
single arm in the Beecher collection at Tale University. 

Genus SYMPTERURA Bather. 

Text fig. 32. 

Sympterura Bathbb, Geol. ICig., dec. 5, vol. 2, 1905, pp. 161-169, pi. 6, figs. 1, 
2, 3, 6.— ScHdNDOEF, Jahzb. niiwiiiiBrh. Ver. Natark., Mesbaden, vol. 63, 
1910, p. 216. 

Original diagnosis. — "A Lapworthurid with spinulose disk ex- 
tending to second arm segment, with oral skeleton of teeth, long 

A 





Heth 



Fio. 32.— BnipnsuBA Korma, afteb Bathxb. A. BsiamAOiLuiMATic BBooNSTBUcnoH or sm- 

OWATHB, X 10. B. RBOOlTBTRtJCnOW 07 SETXNTH AHD BIGHTH ABM SEOXBim, X 18: «, DDTAL, AKD b, 
PBOXDf4L POBTION Of VBBTBBBA; C, !ADAXB17LACB4UA; p, PODUL DBBBBflSION; q, INTBBflPACB| OCCU- 
PIED, AT LBA8T IN PABT, BY IMTBBVBBTBBBAL MVSCLBS. 

jaws, and short mouth frames (torus not seen), with free arm s^- 
ments containing a vertebral ossicle, possibly compound, grooved 
ventrally and provided on each side with two wings, to^the distal of 
which is attached an adambulacral spiniferous element." 

Oenohohtype and only species. — 8. minveri Bather (same references 
as above). The holotype was found in the Devonic (ILower) at 
Epphaven, near Padstow, North Cornwall, England. 

As this specimen presents in the ambulacraUa characters of great 
value in the morphology of the Ophiurid vertebra, it is advisable 
to quote here somewhat extensively from Bather's statements. 

"The median body of each segment is undoubtedly the equivalent 
of the normal OpUurid vertebra. On the accepted theory that 
this vertebra was evolved by the fusion of a pair of ossicles originally 
alternating, then opposite, and finally joined along the middle or 
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radial line, the present specimen may be described as in a stage of 
development later than the fusion, but possibly retaining in the 
median groove a trace of the primitive distinctness of the ossicles. 
Those ossicles are usually described as ambulacral, and that term 
may be accepted so far as it denotes homology with the ossicles 
80 named in an Asterid. * * * 

''As a rule among Ophiurids in this stage of evolution, each ver- 
tebra has on each side a single side process on which abuts an outer 
ossicle, the so-called adambulacral, and these adambulacrals, which 
bear the lateral spines, alternate with the ambulacral ossicles or 
vertebraB. It is a little difficult to interpret the appearances of the 
present specimen ia harmony with such an arrangement. On the 
assumption that each, segment should contaia one ambulacral pair 
(here fused) and one adambulacral pair bearing spines, ray i has been 
assigned nine segments. But each such segment is seen to have two 
processes on each side, and the distal one of these bears the spines. 
For this reason, and because of the appearances in segment 8, it may 
be supposed that the outer spiniferous portion of the distal process 
{c in fig. 1) is an adambulacral element. What, then, is the proxi- 
mal side process! To this question two possible answers present 
themselves. 

''The appearance of a transverse division in the vertebra, between 
the proximal and distal processes, suggests that each segment really 
consists of two ambulacral pairs, of which only the distal one is 
associated with adambulacrals, the proximal pair of adambulacrals 
being suppressed. Each of these supposed ambulacral pairs pos- 
sesses a single pair of lateral processes, but those of the distal pair 
are partly overlaid by the adambulacral elements. In the distal 
region of the ray the proximal and distal halves of the vertebra are 
distinguishable; but nearer the disk and within it they have come 
closer together, the transverse division has disappeared, and the 
side processes are reduced to structures which appear as bars, but 
are probably flattened laminae. Thus the vertebrse seen in ray v are, 
on this explanation, of compound origin. * * * 

"Now, comparison of the vertebrae of recent Ophiurids with the arm 
segments, especially the proximal ones, of our fossil leaves no room for 
doubt that the depression marked p is for the reception of a podium, 
while that marked q is for the insertion of the ventral intervertebral 
muscles. A single arm segment of a recent Ophiurid, such as Ophir 
araehna or Amphiura, is therefore homologous with any one of the 
whole segments here numbered 1-8. If one of these is really com- 
posed of a distal and a proximal half (lettered a and h respectively 
in figs. 1 and 2) thie same statement would apply to the recent Ophi- 
urid, and some trace of this origin might be seen in the development. 
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The observations of Prof. Ludwig* and Mr. J. W. Fewkes* on 
AmpMura Bquamata have shown that the two lateral halves of each 
vertebra unite first at tihe proximal and distal ends, leaving a space 
between. This is suggestive of an origin from proximal and distal 
elements. On the other hand each lateral half springs from a 
single center of calcification, from which it stretches out in a distal 
direction, so that the incipient ambulacral element is thicker at its 
proximal end. This last-mentioned feature is paralleled by the 
boot-shaped proximal portions of the ambulacral ossicles in the Ptot- 
asteridaB. At a slightly later stage the ambulacral of Amphium 
broadens at the distal end, which thus comes to resemble the distal 
portion of the Protasterid ambulacral. If this distal portion in 
AmpMura were, as indicated by Prof. Ludwig's observations, merely 
an extension of the proximal portion, then it might be inferred 
that the whole structure, both here and in the various Paleozoic 
forms alluded to, represented a single ambulacral pair and not two 
successive pairs. In such case one would accept Dr. Gregory's 
suggested explanation^ 'that the smaller pieces ore only triangular, 
distal portions of the ambulacral ossicles, apparently separated from 
the proximal portion[s] by a groove.' Dr. Gregory further sug- 
gests that tihese grooves or depressions 'were for the lodgment of 
the ventral muscles which moved the arms.' A far more probable 
explanation surely is that they were for the reception of the branches 
from the radial water-vessel to the podia. This explanation, how- 
ever, consonant as it is with the facts of development of Amphiuraf 
reminds one of another difficulty. Prof. Ludwig^ has pointed out 
that, whereas the so-called ambulacrals of Asterids Ue at right angles 
to the perradius and between the successive branches and podia, 
those of Ophiurids lie parallel to the perradius and across the branches 
to the podia. Now, if, as we have every reason to believe, the Ophi- 
urids were derived from Asterids, it is hard to see why this change 
should have taken place. That is the difficulty, but it is a difficulty 
that disappears if we suppose that the vertebra is really compounded 
of two successive ambulacral pairs in the manner outlined above. 
The remaining objection to this latter hypothesis is that, as Dr. 
Gregory has pointed out, it postulates the suppression of alternate 
podia. Nevertheless, similar fusion and concomitant suppression 
are not so unknown among Echinoderms as to render this objection 
a fatal one. 

"The suggestion that the vertebrae of Ophiurids are composed of 
two successive ambulacral pairs certainly can not be proved with 

1 Zeits. wiss. ZooL, vol. 36, 1881, p. 181. 

* Boll. llus. Oomp. Zool., vol. 13, No. 4, 1887. ' 

* Proc. Zool. Soc London for 1806, 1807, p. 1082. 

* Op. dt., p. 185. 
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the evidence at our disposal. But it is doubtful whether it can 
be disproved, and I therefore make it to promote a search for 
farther evidence pro or con. 

"TVo other features in the present specimen need discussion, 
and may perhaps throw light on the problem just posed. The 
first of these is the fact that the broadest and stoutest portion of 
each arm segment appears to be the distal half (marked a in fig. 1), 
whereas in the developing AmpMura and in the adult Protasteridse 
the reverse is the case. This character is also foxmd in Furcaster 
pdlaeozoicaa as figured by Mr. Sturtz, in PtUonaster princeps of 
J. Han, and in Lapworthura MlUmi, as interpreted by Dr. Grregory. 
(See our fig. 4 [30].) In the Epphaven fossil the feature is to some 
extent accounted for by the supposed fusion of a spmiferous adam- 
btilacral element with the distal wing of the ambulacral; but in 
Lapworthura and Furcaster this wing, while xmconnected with the 
adambidacral, is still more preponderant. In some other early 
Pabeozoic genera, e. g. Euga^r, J. Hall, and Eophiura, Jaekel, 
the wing is neither distal nor proximal, but arises half way up the 
ambulacral, so that one can not say to which of two successive seg- 
ments the podium belongs; in fact, the structure is in this respect 
absolutely that of an Asterid.^ These differences call for some 
explanation. Starting from the indifferent Ordovician type of 
Eaphiura, we may suppose that in one series of genera (e. g. Protas- 
teridse) the. wing moved toward the mouth, while in another series 
(e. g. Lapworthuridro) it moved away from the mouth. In both 
series the podium ultimately became inclosed within the substance 
of (apparently) a single ossicle; but, if this took place by a sub- 
sequent lateral outgrowth of stereom, then in the former case the 
vertebra must have inclosed a podium distal to itself, and in the 
latter case a podium proximal to itself. Thus the relations of the 
vertebrsB to the podia wo\ild be fundamentally different in the 
two lines of descent. On the other hand, alternate podia may, 
as suggested on a previous page, have been inclosed by the union 
of successive pairs of vertebrse, and this type of structure may 
be the one seen in process of development in the arm segments of 
our fossil, and the one that persisted to the present day. 

"The second feature worthy of attention is the considerable 
space that seems to intervene between the distal wing of one seg- 
ment and the proximal wing of the next. This is conspicuous in the 
distal region of ray i, where, further, the depression (q in fig. 1 [32 B]) 
markedly resembles the podial depression (p in fig. 1), and differs 
from it mainly in being rather nearer the axis of the arm. The 
theory that the Opfaiurids are descended from Asterids does not 

1 See Jaekel. Zeits. geol. Oes., vol. 55, Protok., 1904, pp. 10&-113. 
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explain the evolution of such an interspace, and the general tendency 
to shortening and approximation of the vertebr®, shown in the 
history of the Opfaitirids, leads one to inquire why there ahoiild 
ever have been introduced a stage in which, as in the Devonian 
Ophiurina, the recent deep-sea OpMohdus, and the young AmpMuraj 
the vertebrae have so far departed from the primitive type as to 
become axially elongate. This stage has been regarded as primi- 
tive by Lyman, Ludwig, and other zoologists, but in theory and 
fact it is 'primitive' only so far as the later forms are concerned, 
while with reference to the complete series it is 'intercalated/ 

"Recurring to the hypothesis that the vertebrae are compounded 
of successive pairs of ambulacrals, we find in it an explanation 
not merely of this curious elongation of the arm segments in general, 
but of the interspaces between them in this genus (lettered q). An 
objection to the hypothesis was the necessity for assuming the sup- 
pression of alternate podia. Here, it may be, is evidence of a 
stage in which those podia were not yet suppressed, though perhaps 
somewhat atrophied. If both depressions (p and q) were for the 
reception of podia, then their alternate approximation to and re- 
moval from the perradius may be compared with the similar phe- 
nomenon in Asterids. 

''Whether the features just discussed be or be not accepted as 
evidence in favor of the compound origin of the Ophiurid vertebra, 
they demand some explanation; and it may be added that the same 
hypothesis will perhaps furnish an equally needed explanation for 
the hitherto xmexplained differences that obtain between Paleo- 
zoic genera of Ophiurids in the relations of the adambulacrals to the 
ambulacrals. 

"The origin of the Ophiurid mouthnskeleton also may be illu- 
minated by the preceding hypothesis, which is in full harmony with 
the opinion that many more arm segments enter into the composition 
of that structure than is the case in Asterids, an opinion based on 
embryological research by Dr. O. zur Strassen,^ and on pabaonto- 
logical investigation by Dr. O. Jaekel in the paper quoted above. 
In this region of the ray, at any rate, adambidacrals and podia must 
have been suppressed in all Ophiurids. We may here note the 
apparent absence from our specimen of the adambulacral elements 
known as side mouth-shields, as well as of the peiistomial plates. 
The latter are wanting in most early Ophiurids, a fact confirmatory 
of Dr. zur Strassen's conclusion that they are not ambulacral elements, 
but 'secondary calcifications confined to the interradial region.' " 

Schdndorf states that the structure of the arms is like that in 
Lapvx>rihura miltoni and the oral armature as in Encrinaster. 

1 2S061. Anielger, vol. 34, 1901, p. 600. 
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Genus FURCASTER Sturtz. 

FmooMUr Sri^srz, Fkdseontpgraphica, vol. 32, 1886, p. 79; N. Jahrb. fOr Min., 
etc., 1886, vol. 2, p. 148; Verb, naturh. Ver. preuss. Bheml., etc., vol. 60, 
1803, p. 25.— Grboort, Plroc. Zool. Soc. London for 1896, 1897, p. 1038; 
Treat. ZooL, vol. 3, Echinodenna, 1900, p. 276, fig. 31. 

Disk small; circular. Rays five, short, narrow, tapering gradually, 
and slightly flexible. Acdnally flat and abactinally rounded. There 
is a dorsal median column of slightly projecting plates and two lateral 
ranges of side plates. The dorsal plates are medially depressed, with 
their outer sides extended into ears, into which fit the spine-bearing 
side plates. 

"Ambulacral ossicles [opposite] of a long central body and two 
short wings, which are attached only to the anterior comer of the 
ossicle.'' (Gregory.) Buccal scutes small. 

Oenohohiype. — F. paiseozdcus Stflrtz. F. (f ) daavlasensis (Davy) 
may also belong here. 

Remarks. — ''In Sttlrtz's description he refers to the existence in 
this genus of ventral arm plates, and even figures them. Bis type- 
specimens are now in the British Museum, but I can not verify the 
existence of any ventral arm plates." (Gregory.) 

rURCASTBR PALiBOZOICUS Stfliti. 

Fureaster palxozoicuit STt^BTZ, Palffiontographica, vol. 32, 1886, p. 79, pi. 8, 
figs. 4, 5; N. Jahrb. f&r Min., etc., 1886, vol. 2, p. 148; Palfieontographica, 
vol. 36, 1890, p. 214.— Gregort, Proc. Zool. Soc. London for 1896, 1897, 
p. 1038. 

Formation and locality. — ^In the Lower Devonic roofing slates, 
Bundenbach, Germany. There are three specimens of this species 
at Yale University. 

Cat. No. 59383, U.S.N.M. 

rURCASTER (?) DAGULASBNSIS (Davy). 

Prota$ter daoulasenns Davy, Bull. Soc. g6o\. France, ser. 3, vol. 14, 1887, pp. 182- 
187, text figs.— <jRBOORT, Proc. Zool. Soc. London for 1896, 1897, p. IO389 
footnote ("is an ally of Fureaster"). 

Formation and locality, — ^From the Lower Devonic, Rumguen, near 
Brest, France. 

Genus PALASTROPECTEN StUrtz. 

PaloMtTopeeUn Srt^RTZ, Palseontographica, vol. 32, 1886, p. 88, pi. 10, figs. 3, 4; 

vol. 36, 1890, p. 213, pi. 26, figs. 12, 13.— Greoort, Proc. Zool. Soc. London 

for 1896, 1897, p. 1038. 
PalaupondyliLS StI^rtz, Verh. naturh. Ver. preuss. Rheinl., etc., vol. 56, 1900, 

p. 190. 
Palxoipondyltis StObtz, Verh. naturh. Ver. preuas. Bheinl., etc., vol. 66, 1900, 

pp. 191, 202. 

Diagnosis hy Gregory. — "Disk circular, large (badly preserved in 
the specimens; probably originally soft and irregular). Arms thick. 
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broad, and somewhat lanceolate in shape. AmbulaGral ossicles 
narrow, the lateral wings resting on the whole body of the osside." 
. Oenoholoiype and only species. — P. zUtdi (Sturtz) (citations as aboTe). 
In the Lower Devonic, Bundenbach, Germany. 

Family EOLUTDIIDiE Gregory. 

EoluidUdx Greoort, Ptoc. Zool. Soc. London for 1896, 1897, p. 1038. 
Eopfnwridse Srt^RTZ, Verb, natorh. Ver. prenas. Bheinl., etc., vol. 56, 1900, 

p. 203. — SghSndorf, Jalirb. nasBauiach. Ver. Naturk., Wieebaden, voL 63» 

1910, p. 235. 

Original diagnosis. — ''Streptbphiur» with the ambulacral ossicles 
miited to form vertebral ossicles. Ventral arm plates present, but 
there are no buccal shields. (Dorsal arm plates present only in 
the highest genus.) 

*' Remarks. — ^This family includes three Devonian genera, whidi 
differ from the previous f amifies of this order by the presence of 
ventral arm plates and by having vertebral ossicles, which articulate 
( ? always) by simple rounded pits and processes. The family differs 
from living Streptophiurse by the absence of buccal shidids and 
the simplicity of the oral armature." 
Contains the genera: 
Eciuidia Sturtz. 
Eospondylus Gregory. 
Miospondylus Gregory. 

Genus EOLUIDIA StUrtz. 

Asteriaa aaperula Robmbr (part), Pft]iBontQg;rapliica» voL 9, 1803» p. 140, pL 24, 

figs. 1-5; pi. 26, fig. 6; pL 27. 
Eoluidia Sturtz, Palseontographica, vol. 32, 1886, p. 89, pi. 11, figs. 1, 2; vol. 36» 

1890, p. 211, pi. 26, figs. 10, 11.— Grboort, Ptoc. Zool. Soc. London for 

1896, 1897, p. 1038.— SoLLAS and Sollas, Fhilos. Trans. Roy. Soc. Tiondon^ 

ser. B, vol. 202, 1912, p. 226, ^. 4£. 
. EopkiurUes Sturtz, Verh. naturh. Ver. preiiBS. BJieinl., etc., vol. 56» 1900, p. 190. 

Diagnosis. — ''Disk rather large; the interbrachial outlines are 
deeply concave. [Rays very long, slender, and fragile.] £ach 
syngnath consists of pairs of mouth frames and jaws; a jaw plate 
is present. The vertebral ossicles are small and the union of the 
two lateral elements incomplete; the lateral wings are thin. The 
adambulacral plates are triangular and each of them bears several 
spines. The pores for the podia occur at the middle of the lateral 
margin of the ventral arm shields. " (Gregory.) 

Oenoholoiype and ordy species. — E. dechem Sttirtz (citations as 
above). Lower Devonic, Bundenbach, Germany. 

Cat. No. 35116, U,S.N.M. 
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Genus EOSPONDTLUS Gregory. 

Opkiurella SrlhiTZ (not Agaaaiz, 1834), Palsontogiaphica, vol. 32, 1886, p. 77. 
EoipondyluM Gbboort, Floe. Zool. Soc. London for 1896, 1897, p. 1039. 

Original diagnosis. — ''Disk circular. Ambulacral ossicles com- 
pletely fused into vertebral ossicles, each of which, however, is trav- 
ersed by a pore. The adambulacral ossicles are somewhat peajv 
shaped. The podial pores are at the posterior angles of the ventral 
arm plates." 

Genohohtype and only species. — OphiureUa primigenia Stdrtz. 

BOSPONDTI.US PRIMIOBIflUS (Sttliti). 

Ophiurdla pnmigenia StObtz, Pakeontographica, voL 32, 1886, p. 77, pL 8, 

fIgB. 1, 2; vol. 36, 1890, p. 210, pi. 26, figs. 6, 7. 
Eo$p(mdylu8 pnmigenia Grboort, Proc. Zool. Soc. London for 1896, 1897, 

p. 1039. 

Formation and locality. — ^Lower Devonic, Bundenbach, Germany. 

Genus MIOSPONDYLUS Gregory. 

Ophnura rhtnana SrttBTZ, Verb, naturh. Ver. preuBS. Rheinl., etc., vol. 60, 1893, 

p. 29, pi. 1, figs. 1-3. 
Miospondylus rhenanus Grboort, Pioc. Zool. Soc. London for 1896, 1897, p. 

1039. — SoLLAS and Sollas, Philos. Trans. Roy. Soc. London, ser. B, vol. 

202, 1912, p. 226. 

Original diagnosis (Gregory). — "Disk circular. Ambulacral ossi- 
cles completely united; each half of the vertebral ossicle is boot- 
shaped. The oral angles each consist of a pair of syngnaths without 
jaw plate. The ventral arm plates are small and are not notched 
by podial pores." 

GeMholoiype and only species. — Ophiura rJienana Sturtz (citations 
as above). Lower Devonic, Bundenbach, Germany. 

Remarks. — Eospondyhis and Miospondyhis '^ agree in family char- 
acters with Eoluidia, but differ from it in the structure of both the 
ambulacral and adambulacral plates." (Gregory.) 

Family AGANASTERIDiE Sturtz. 

AganoMtendx STteiz, Vedi. natuxh. Ver. preiin. Rheinl., etc., vol. 56, 1900, 
p. 203. — ScHdNDOBV, Jahrb. naanuisch. Ver. Naturk., Wiesbaden, vol. 63, 
1910, p. 235. 

Genus AGANASTER Miller and Gurley. 

AganoMUr MnxsR and Gublbt, Sixteenth Rep. Geol. Surv. Indiana, 1891, p. 

372; authors' extiacts, 1890, p. 57.— <jReoobt, Proc. Zool. Soc. London for 

1896, 1897, p. 1039. 
Ophiopege BdRM , Zeit. geol. GeseU., vol. 45, 1893, p. 159 (same genoholotype aa 

for Aganaster). 

Original description. — '^In 1869 Meek and Worthen described an 
Ophiuroideay in the Proceedings of the Academy of Science of 
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Philadelphia, page 169, under the name of Prataster gregarius, whidi 
they redefined and illustrated in the Geological Survey of niinols, 
volume 5, page 509, under the name of Prataster ( ?) gregarius. They 
had numerous specimens 'in the condition of casts and molds, in 
a very fine, somewhat granular matrix, that did not show the details 
of its structure very clearly,' but they said, 'It will probably be 
found to be generically distinct from the Silurian typical forms of 
Prciaster, but we prefer to place it provisionally in that genus for the 
present.' In the collection of Mr. Gurley there are several specimeDs 
belonging to this species, and they show a few characters not ob- 
served by Meek and Worthen, and demonstrate very clearly this 
species does not belong to the genus Protaster; we therefore propose 
to include this species in a new genus, Aganaster, and describe the 
characters, so far as known, as follows : 

"General outline, a central circular disk with five long, narrow 
rays; the circular disk on the dorsal side is covered with small polygo- 
nal plates which are not interrupted by the presence of the rays, 
thus showing the disk had a depth greater than the depth of the 
rays; rays very narrow and convex or half cylindrical, spine bearing, 
gradually tapering, and from the dorsal side appear as if composed 
of plates arranged exactly opposite each other; the ventral side shows 
a rather deep central disk with marginal plates. There are 10 oral 
plates in the central part of the disk." 

OenoTiolotype ani only species. — Protaster gregarius Meek and 
Worthen. 

Remarks. — Aganaster "has nothing to do with ProtaMer and is 
clearly a member of the Streptophiurse. As far as its characters are 
known to me it must be included among the Eoluidiid». It differs 
from the rest of this family by the presence of dorsal arm plates. 
* * * B6hm has founded the genus Ophiopege oh the type species 
of Aganaster. ' ' (Gregory. ) 

AGANASTER ORSOARIUS (Meek end Wartbeii}. 

Protaster f gregarius Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 
vol. 21, 1869, p. 169; Geol. Surv. lUinois, vol. 5, 1873, p. 609, pi. 16, fig. 5. 

Alepi£kuter gregarius Meek, Amer. Joum. Sci., ser. 3, vol. 4, 1872, p. 275 (gen, 
ref. only). 

Aganaster gregarius Millsb and Gttblbt, Sixteenth Rep. Geol. Surv. Indiana, 
1891, p. 372, pi. 9, figs. 10, 11; authors' extracts, 1890, p. 57, pi. 9, figs. 10, 
11.— Miller, N. Amer. Geol. Pal., Ist. App., 1892, p. 673, fig. 1208. 

Description of 187S. — '*The disk of this species is circular in out- 
line, slightly convex above, and measures from 0.20 to 0.30 inch in 
diameter. In most cases it looks as if merely covered by a smooth, 
membranaceous integument. Some casts of its external surface, 
however, seem to show traces of flat, nearly smooth, imbricating 
scales above. The five arms are slender, flexible, and rather long 
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in proportion to breadth. In a specimen with a disk measuring 
0.25 inch in breadth, the diameter of the arms near the disk is only 
0.05 inch. None of the specimens show the entire length of the arms, 
though some fragments of them were seen lying detached in the 
matrix, about 0.55 inch in length, without being complete at either 
end. From the breadth and gradual taper of these, it would seem 
probable that when entire they may have been 0.75 to 1 inch in length. 
Their impressions in the matrix give no indications of a longitudinal 
furrow along the under side, but show that there were about six 
pairs of arm pieces in a length of 0.16 inch. These pieces appear 
to be nearly though not exactly opposite, and each one provided 
below with a comparatively large, round, deep pit, or pore, near 
the middle of its anterior side. Along their lateral margins there 
appear to be impressions in the matrix of very small spines (one to 
each arm piece), though if such, they must have been extremely 
short. Impressions of the upper side of the slender arms show 
them to have been somewhat rounded above, with the nearly square 
arm pieces sUghtly alternating. Some of the impressions seem to 
show traces of central pores or pits,' one at the middle of each pair 
of pieces, though in others no traces of these are visible." 

Formation and locality, — Common as molds in a fine impure 
sandstone and in the famous crinid bed at Crawf ordsville, Indiana, 
in the Keokuk formation of the Mississippic. 

There are two specimens (No. 6) of this species in the Wachsmuth 
collection at Harvard University. At Yale University there are 
four specimens. 

Family CHOLASTERIDiE Worthen and Miller. 

ChoUuUridm Wobthen and Miller, Geol. Surv. lUinois, vol. 7, 1883, p. 328. 

Original deHnition. — Oholaster *'is so widely different from those 
heretofore d^covered that we think it belongs to a distinct family, 
which might very appropriately be designated the Cholasteridae, 
but until other specimens have been found showing other parts 
of the body, we prefer to let the family remain undefined." 

Contains the genus : 

Oholaster Worthen and Miller. 

Genus CHOLASTER ^Vorthen and Miller. 

ChoUuter Worthbn and Md^lbb, Geol. Surv. IllinoiB, vol. 7, 1883, p. 328.— 
Grboobt, Proc. Zool. Soc. London for 1896, 1897, p. 1040. 

Original description. — ^Dorsal side alone known. ''Body trun- 
cated pentagonal, central area circular, deep and large in propor- 
tion to the rays; rays distant, small, short and abruptly truncated. 
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"Dorsal side possessing a rather large centro-dorsal plate, ^which 
is surrounded by five plates occupying the position of radials, i^^iile 
the other part is covered with numerous small disk plates." 

Oenoholotype and only species, — C, pecyliaris Worthen and Miller. 

Gregory states that CJiolaster "appears to be allied to Aganaster, 
but the structure of the ambulacral ossicles is unknown." 

CHOLASTSR PBCUUARIS WortliMi and Mffler. 

CholoMUr peeuliaris Wobthen and MnxER, Geol. Surv. DlinoiB, vol. 7, 1883, 
p. 329, pi. 31, figs. 4a, 4b. 

Original description. — *'The general form of the body is that of a 
truncated pentagonal star, with a lai^e circular disk. A centro- 
dorsal plate is surrounded by five others, all of which are much larger 
than other plates of the body, and occupy a centro-dorsal depres- 
sion. The position of these five plates is that of radials, resting 
upon a basal, and therefore all other plates of the body might be 
regained as radials and interradials, the latter being very numer^ 
ous, because of the wide separation of the rays at their junction 
with the body. The interradials are polygonal, convex, or sub- 
spinous plates, without much variation in size whether filling the 
larger or smaller interradial spaces. The plates following the larger 
radial plates, as above defined, in the direction of the rays, are not, 
however, by their form or arrangement to be distinguished from 
the interradials, though differing from those forming the rays. 
The plates covering the dorsal side are thus divided into three 
kinds, viz.: First, the larger plates filling the centro-dorsal depres- 
sion; second, the disk plates which cover all other parts of the body 
except the rays, and, third, the plates which cover the rays proper, 
which in this species are easily distinguished from the central disk 
plates. 

"The rays are short, abruptly truncated, and slightly expanded 
at the apices by reason of an enlargement of the terminal plates. 
They are widely separated from each other, though not at uniform 
distances, and present the appearance of having been stuck on the 
central disk, instead of having grown from it, an appearance more 
marked, by reason of the change in the form of the plates, from the 
disk to the rays. 

"One of the interradial spaces is much greater than the others, 
so that a line may be drawn across the disk, leaving three entire 
rays upon the smaller half. The back of each ray is covered by a 
series of transversely elongated plates separated from the side 
series by a longitudinally impressed line. A single series of plates 
covers either side of a ray, interlocking with the transverse dorsal 
series and directed backward toward the disk. 

''The oral plates are unknown, and no madreporiform tubercle 
has been detected." 
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Formaiian ani locality. — Okaw Bluffs^ between Chester and 
Kaskaskia, Illinois, in the Chester formation of the Upper Missis- 
sippic. The holotype is in the Illinois State collection, No. 2480. 

Subclass OPHIUROIDEA. 

These animals are not present in the older Paleozoic, may have 
appeared in the late Devonic, and do not seem to have been abundant 
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ARM FLATB8. CUMOESOPHAGEAL NERVE-RING; p.d., PORE 

AND DEPRESSION FOR ORAL TENTACLE. 

before the Triassic, since which time they occur more and more com- 
monly. In the present oceanic waters they are popularly known as 
sand-stars, brittle-stars, branching-stars, or basket starfish. They 
range from shallow and estuarine waters to abyssal depths. Typical 
Ophiuroidea differ from typical Asteroidea in having the arms sharply 
marked off from the disk as appendages, and in the absence of 
grooves along the actinal side of the arms. This means that the body 
cavity which in the Asteroidea extends out into the rays is restricted 
in the Ophiuroidea to the disk. 
The subclass Ophiuroidea is defined by Schondorf as follows: 
''Ambulacral water-vascular system situated in a small groove , 
at the base of the ray ossicles, and ventrally covered by a single 
column of ventral shields. From the radial canal outside of the 
ambulacrals arise simple lateral branches that never have ampullse, 
as a rule curve upward, pass into and through the substance of the 
ossicles, and finally open out laterally between the ventral and side 
shields as the ambulacral podia. Ambulacrals opposite, each right 
and left piece coossified into a vertebra with compUcated articular 
surfaces [see figs. 34-36]. Adambulacrals transformed into lateral 
shields. YertebrsB dorsally covered by a single column of dorsal 
shields." Disk circular in outline, ' 'without marginal plates, and 
sharply separated from the rays, that as a rule are rounded. There 
is no typical madreporic plate. One of the ventrally situated mouth 
shields serves as madreporite" (1910a: 246). 
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In ophiurids the oral skeleton, or syngnaths, is composed of three 
pairs of adambnlacrab and ambulacrals. Of these the two first 
pairs alone are prominent and preserved. The third pair remains 
internal, small, and rudimentary. 

Family ONYCHASTERIDJE MiUer. 

Onychasterida MnxEB, N. Amer. G«oL Pftl., 1889, p. 216.— Grboort, Ptoc. Zool. 
Soc. London for 1896, 1897, p. 1040.— STtJBTZ, Verh. natuili. Ver. preufls. 
Rheinl., etc., voL 56, 1900, p. 202. — Sgh&ndorf, Jahrb. naBBauisch. Ver. 
Naturk., Wieebaden, vol. 63, 1910, p. 235. 

Original diagnosis. — ''Streptophiurae with weU-developed vertebral 
ossicles, and with very flexible, contorted, mibranched arms; there 
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are no external arm plates, the integument containing granules 
only." 
Contains the genus : 
Onychaster Meek and Worthen. 

Genus ONYCHASTER Meek and 'W^orthen, 

Onychuter Meek and Worthbn, Geol. Surv. IllinoiB, vol. 3, 1868, p. 526; Ptoc. 
Acad. Nat. Sd. Philadelphia, vol. 21, 1869, p. 82; Geol. Surv. Illinois, vol. 5, 
1873, p. 474.— ZirrsL, Handb. Pal., vol. 1, 1870, p. 443.— Mnj«BB, N. Amer. 
Geol. Pal., 1889, p. 264.— StDbtz, Verh. naturh. Ver. preun. Rheinl., etc., 
vol. 60, 1893, p. 30.— Orbgobt, Piroc. Zool. Soc. London for 1896, 1897, p. 
1040.— StDrtz, Verh. naturh. Ver. preuas. Rheinl., etc., vol. 66, 1900, p. 183. 
— ScH^NDORT, Jahrb. naasauisch. Ver. Naturk., Wiesbaden, vd. 62, 1909, 
pp. 47-61, vol. 63, 1910, p. 240; Palaeontographica, vol. 67, 1910, p. 59.— 
Spbnceb, Mon. Brit. Pal. Asterozoa, pt. 1 (Paloontogr. Soc. for 1913), 1914, 
pp. 26, 50. — I. B. J. SoixAs, PhiloB. Trans. Roy. Soc. London, eer. B, vol. 
204, 1913, p. 61. — Sgh5ndobv, Jahrb. nniwmisch. Ver. Naturk., Wiesbaden, 
vol. 66, 1913, pp. 97-114. 
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Oenohdlotype. — O.jUx^ie Meek and Worthen. 

For generic description, see under 0. fiexUis. 

Remarka by Oregon/. — "This interesting genus has hitherto been 
placed among the Euiyalids, of which it has been regarded as the best 
known fossil representative. As Prof. BoU, however, has remarked, 
Meek and Worthen's clear figures of the vertebral ossicles show that 
the articular surfaces are StreptospondjUne and not Cladophiuroid." 

Schdndorf in 1909 restudied Onychaeter in detail, and came to the 
following conclusions: 

"OnyehaMer fiaHia shows plainly in the structure of its arm ossicles 
that it belongs to the Ophiuroidea. As in this subclass, so also in 
Onyehaster the arm ossicles originated from two halves (ambtdscrals) 
that grew tighUy together. When compared with living Ophiurids, this 
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amalgamstion of the two arm ossicles la OnychoMer is still plainly to be 
Been. The equivalent skeleton of the adambulacrals in the asterids is 
not yet completely separated from the arm ossicles nor developed into 
independent side or lateral shields; on the contrary, they still remain 
attached and in articulation with the arm ossicles on their ventral outer 
margin. On their somewhat fluted outer margin they bear a few spines. 
The arm ossicles are not externally naked but are covered by smiUler 
additional plates that bear flat calcareous particles. Individual large 
dorsal shields do not appear to be present, for on the laige Berlin speci- 
men the arm ossicles lie directly beneath the small flat dorsal plates. 
Only in the distal part of the rays does one observe some rows of 
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apparently independent dorsal plates, that overlie one another in 
a scalelike manner, but this determination needs to be substantiated 
on better preserved material. Along the median line of the arm 
ossicles there lies yentrally a single column of ventral plates, that 
bear spines and externally cover the radial canal of the water vas- 
cular system. The lateral branches from the radial canal to the 
ambulacral podia do not penetrate the substance of the arm ossicks 
as in living ophiuiids, but lie between each pair of vertebr». Hie 
oral skeleton consists of five interradially placed mouth-corn^ 
pieces. Each one of these is made up of three elements, the two 
outer of which are united into pairs" (pp. 60--61). 
Contains the following species: 

0. flexUis Meek and Worthen. Keokuk. 

0. asper Miller. Keokuk. 

0. larrisi (HaQ). Burlington. 

0. confragosvs Miller. Keokuk. 

0. demi88U8 Miller. Keokuk. 

ONTCHASTER FT.WXTT«f8 MMc and Wtrthio. 
Text figs. 37 to 42. 

Onychaster flexUis Mbek and Wobthbn, Geol. Surv. Ulinois, vol. 3, 1868, p. 526, 
figs. A-D; Proc. Acad. Nat. Sci. Philadelphia, vol. 21, 1869, p. 83; Geol. Surv. 
Ulinoifl, vol. 5, 1873, p. 510, pi. 16, figs. 3a-3i.— Ztttkl, Handb. Pid., vol. 1, 
1879, p. 444, fig. 314.— MttLBB, N. Amer. Geol. Pal., 1889, p. 264, fig. 374.— 
ScHdNDORP, Jahrb. naasauisch. Ver. Naturk., Wiesbaden, vol. 62, 1909, 
pp. 47-61; vol. 63, 1910, p. 240.— I. B. J. Sollas, Philos. Trans. Roy. Soc 
London, ser. B, vol. 204, 1913, pp. 51-62, text figs. 1-4, pi. 8, figs. 1-6. — 
ScHdNDOBF, Jahrb. nassauisch. Ver. Naturk., Wiesbaden, voL 66, 1913, pp. 
97-114, text figs. 1, 2, pi. 3, figs. 3-9. — Spencer, Mon. Brit. Pal. Asteroxoa, 
pt. 1 (Pabeontogr. Soc. for 1913), 1914, pp. 26, 50. 

Oriffinal description. — ''The interesting fossil on which we propose 
to found this genus and species seems to differ so widely, in some of 
its characters, from the true starfishes, as well as from the Ophi- 
urians, as to leave doubts whether it can be properly placed in either 
of these groups as now understood. * * '*' In habit and general 
appearance it most nearly resembles the Ophiurians, from which, 
however, it differs widely in structure. It is composed of a rather 
smaU subdiscoid body, and five long, slender, rounded, flexible arms 
or rays. In nearly all of the specimens yet found the arms are folded 
together like the claws of a bird when grasping some small object. 
A few of them, however, have the arms opened out more or less, so 
as to show that they were very flexible, or capable of being moved 
about in all directions. They usually increase slightly in thickness 
for a short distance from the body, then taper very gradually to thdr 
extremities, being about 2.50 inches in length, and 0.22 inch in 
breadth, at the widest part. 
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"On the dorsal side of the body ^ ^ ^ there is seen a compar- 
atively large circular area or disk; composed of an outer circle of ten 
rather prominent pieces, united together in five pairs by close-fitting 
sutures, each piece being pierced by a round ovarian ? pore. Imme- 
diately within this circle there is, apparently, another circle of ten 
smaller pieces, also united in five pairs, but without pores; and ¥dthin 
this latter circle there is a third range of five still smaller, nonporif- 
erous pieces, surrounding a central anal? opening; the whole re- 
minding one of the apical disk of an Echinoid, though differing in 
structure from this part of the known types of that group. It is 
also worthy of note that there is some analogy between this disk and 
the body of a crinoid, excepting that there is a central opening, and 
that the first division of the radial series takes place immediately on 
the inner range of pieces corresponding to the basal pieces of a crinoid, 
while all of the third range of pieces are pierced by pores. ♦ ♦ ♦ 

'^ Immediately outside of the circle of ten pore pieces, mentioned 
above, each pau* of these pieces is Succeeded by two or three pairs of 
differently formed, interlocking, transverse pieces, in direct range, con- 
necting them with the dorsal side of each of the five rays. A little far- 
ther out the dorsal side of the rays, these transverse pieces are seen 
to become disconnected by more or less wide spaces, and gradually 
pass into pairs of lanceolate pieces, deeply furrowed longitudinally, 
while between the inner ends of the two pieces of each pair there 
appears to be a porelike opening. These latter disconnected pieces 
continue all the way out to the extremities of the rays, and, with 
numerous smaller intervening ossicles, form together, as it were, the 
skeleton or framework of the long flexible rays. It is only, however, 
when an outer granular integument has been removed that this 
skeleton structure can be seen. In some parts of some of our specimens 
this outer granular covering remains, and is seen to be composed of 
numerous small, rounded, rather prominent ossicles, regularly 
arranged in qui[n]cunx, so as to give the surface a chagreenUke rough- 
ness. These ossicles were doubtless attached to, and secreted by, a 
soft dermal envelope, covering the whole surface, while the larger 
pieces within formed the frame, as it were, of the whole structure, 
and probably furmshed points of attachment for the muscles that 
moved the rays. 

''None of our specimens show clearly the inner side or ambulacral 
furrows of the rays, nor the under side of the body — consequently 
we know nothing of the nature or position of the mouth or of the 
ambulacra. In several instances, however, we have seen the remains 
of one or more rows of small, short, longitudinally striated spines 
along the inner side of the arms. 

50e01*— BoU. 88— IC ^18 
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''The entixe breadth of a mature individiial, across between the 
extremities of the rajB on opposite sides, if these rays were slj:«i£^t- 
ened out, would be about 5 to 6 indies." 

FarmaHan and loedlity. — ^This spedLes oociiis quite commonly in 
the famous crinid bed at Crawfordsville, Indiana, in the Keokuk 
formation of the Mlssissippic. Specunens are in several Aiacaican 
museums; two are at Yale University, others in the United States 
National MuseunL 

Cat. No. 59392, U.S.N.M. 



Onyduuier atper Miller, Seventeenth Rep. GeoL. Sorv. Indiana, 1892, p. 684, 
pi. 12, figs. 3-^; advance extras, 1891, p. 74, pi. 12, figs. 3-^.— Mili.kr, K. 
Amer. Geol. F^., App. 1, 1892, p. 680, fig. 1240; App. 2, 1897, p. 749, fig. 
1366.— EsTEs, MiflBOuii Geol. Surv., vol. 4, 1894, p. 131. 

Original description. — '^ Dorsal side covered with an integument of 
small plates and numerous short spines. Coitral disk rather lai^, 
circular, convex, inflated from tlie point of contact ^ith the arms. 
The outer int^ument covers the whole surface of the central disk, 
leaving no orifice exposed. Where the outer int^ument is worn o£F 
the disk is composed of rather laige, polygonal spine bearing plates. 
The spines do not arise from the center of the plates, but lateraUv 
from little pits or sockets at the sutures. These sockets give the 
plates a somewhat sculptured appearance. The spines have a bulb 
at the base and taper to an obtuse point above. 

"The arms are long, rounded on the dorsal side, and very fle(xible. 
Figure 4 shows the arms abruptly folded from the middle over the 
ventral part, while figures 3 and 5 have the arms folded hke the daws 
of a bird grasping some small object. There is a row of spines on each 
side of the arm furrows. 

' 'This species is so different from the type that the generic reference 
is very doubtful." 

Formation and locality, — In the Keokuk formation of the Missia- 
sippic, at Boonville, Missouri. The specimens are said to be in the 
Miller and F. A. Sampson collections. 

OIVYCHASTER BARRESI (Hidl). 

ProUuter t hanisi Hall, Desc. N. Sp. Orinoidea, 1861, p. 18. 
Onyduuter t harrisi Mxbk and Wosihen, Froc. Acad. Nat. Sd. Fhiladalphia, 
vol. 21, 1869, p. 83; Geol. Surv. niinou, vol. 5, 1873, p. 476, pi. 10, figs. lo-ldL 

HaU's original description. — "A fragment of an Asterias, among the 
Burlington fossils, presents, in the rays and in the oral plates, some 
characters in common with Protaster; but I can discover no evidence 
of a central disk. The fragment preserves the center of the lower 
side and parts of four rays. All that remain of the rays are two 
distinct ranges of plates, which, near the base, are separated by a 
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wide groove, but farther on appear to come in contact on their iimer 
margins. These plates consist of joints closely articulated together, 
with a longitudinal foramen: their lower sides are marked lengthwise 
by a comparatively wide but not deep groove. The body of the plate 
has, on each side, a lateral arching process which is jointed at the 
two extremities, and separated in the center by a pore-like perfo- 
ration. There are ten oral plates, two from each division of the ray: 
these plates are expanded vertically; their extreme points have the 
inner edges slightly cmndng; the lower external faces are slightly 
indented, or crenulate ; the surface of attachment is wide and strong, 
and constricted at the base by a distinct groove, beyond which it 
again expands. 

"This form, if really without a disk, differs essentially from ProU 
aster; and there are also other differences, which may make it 
necessary to constitute a distinct genus when better specimens shall 
be obtained.'' 

Formation and localiiy. — ^In the Burlington limestone at Burlington, 
Iowa. There are three specimens of this species in the Wachsmuth 
collection (Nos. 10, 11, and 12) at Harvard University. 



OnfftAoiUr confragonu Miller, Seventeenth Bep. Greol. Surv. Indiana, 1892, 
p. 684, pi. 12, figB. 6, 7; advance extras, 1891, p. 74, pi. 12, figs. 6, 7. 

Original description. — ^^'This species is so different from the one «ast 
described [0. asper], and also from the type of this genus, that it may 
not be congeneric with either of them. I have no doubt that it 
belongs to the same family. I have seen only the dorsal side of the 
disk and the dorsal and lateral sides of the rays. There is no such 
integument of small plates covering the dorsal side as belongs to 
0, asper J but the surface is covered with short spines. 

'*Tbe central part of the disk is somewhat injured in our specimens, 
and its character can not be definitely determined. It is surrounded 
by large, centrally convex, six-rayed plates. These rays seem to be 
the elevated ridges that separate the sockets for the insertion of the 
spines. Outside of this circle of ten six-rayed plates, there is a circle 
of quadrilateral plates more or less sculptured by the sockets for the 
spines, and here the radials may be said to commence. The dorsal 
side of each ray consists of three series of plates, and thei« is one 
series upon each side, or five series in an arm. The firsfr plates are 
connected laterally by smaller ones, in the angular depressions, 
between the commenc«93ent of the rays, which form part of the disk' 
All of the radial plates are more or less sculptured by the depressions 
for the insertion of the spines. The spines are longer than tibie diam- 
eter of a plate, bulbous at the lower end, and taper to an obtuse point. 
The arms are long, round on the dorsal side, flexible and capable of 
being rolled up on the ventral side or being twisted laterally. No 
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such ovarian pores piercing the plates of the disk, as described and 
illustrated in O.flexUis, have been discovered." 

Formation and locality. — ^In the Keokuk formation, at Boonville, 
Missouri. The cotypes are said to be in the Miller collection. 

ONTCHASTBR DBMISSUS MlUer. 

Onychaster demissiLS Mn<LBlt, Seventeenth Rep. Geol. Surv. Indiana, 1892, p. 685, 
pL 12, figs. 8-10; advance extras, 1891, p. 75, pL 12, figs. 8-10; N. Amer. 
GeoL Pal., App. 1, 1892, p. 680, fig. 1241. 

Origifud description.-"Tim species hangs its aims down and folds 
them like the claws of a bird grasping some small object, and in these 
respects is more like 0. Jlexilis than either of the preceding species. 
The central disk is slightly concave, subpentagonal in outline, and 
the rays drop down at right angles to the circumference of the disk. 

''In the center of the disk there is a low, subcircular elevation, in 
which I have been unable to find any sutures, or to determine whether 
or not there is an opening of any kind; it appears to consist of a single 
plate. It is surroxmded by a series of t^n plates that form the sub- 
pentagonal rim of the central disk. These plates are laige, veiy 
convex, radiately sculptured, and bent down in the direction of the 
radial series as well as curving in to imite with the central plate. The 
sculpturing is due to the sockets for the insertion of the rays. The 
radial series commence from this circle of plates. The rays are 
angular on the dorsal side or obtusely rotmded. The dorsal side of 
each ray consists of three series of plates, and there is one series on 
each side, or five series in an arm. The first two plates in each ray 
are connected laterally by smaller ones, which form part of the disk, 
in the angular depressions, between the commencement of the rays. 
All of the radial plates are more or less sculptured or pitted by the 
depressions for the insertion of the spines. 

''The arms are longer^ more angular, and have rather smaller spines 
than either of the preceding species. I have been tmable to detect 
any ovarian pores, but spine sockets very much resembling pores are 
indicated in figure 8, but they occur in the sutures and are readily 
distinguished from pores that pierce the plates." 

Formation and locality. — ^In the Keokuk formation, at Boonville, 
Missouri. The three cotypes are said to be in the Miller collection. 
There are two good specimens (No. 10994) in the Gurley collection at 
the University of Chicago, and another specimen, from Crawfords- 
ville, Indiana, in Yale University. 

FORMS WHOSE BELATIONSHIPS ARE UNKNOWN. 

CRXBELUTBS CARBONARnTS Tate. 

CnbelHtes carhonarius Tats, Rept. Brit. Asboc. Adv. Sd., for 1863, 1864, Notices 
and abatractSi p. 88. 

Original description. — "This Asteroid, the first recorded from the 
Mountain Limestone, is an impression of the upper surface, in a 
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fine-grained micaceous sandstone. It is named OribeUites carbo- 
nariua; and the following characters are observable: Rays five, 
rounded, lanceolate, five times as long as the disk, ridged in the center, 
covered with longitudinal rows of reticulating tubercles; disk small 
and tuberculated. The disk is only 0.3 of an inch in diameter, 
while the rays are 1.5 inches in length. A circular impression in the 
disk may be Oie impreesioa of tii? Madreporif orm nudeus. In the 
form of this Asteroid, and in the characters observable, it is similar 
to OribeTla rosea, MuUer; but the rays are proportionally longer, the 
disk smaller, and the tubercles much nearer to each other than in 
the recent analogue. The sandstone from which the fossil Sear-star 
was obtained lies 20 feet above the Shilbottle coal, and about 600 
feet below the base of the millstone grit, being in the upper part of 
the Mountain Limestone formation, which, in Northimiberland, is 
about 3,000 feet in thickness. In this sandstone there also occur 
StropkomenoL creniatria and the remains of carboniferous plants.'' 

Order OPHIOCISTIA Sollas. 

Of^iioeuUa Sollas, Quart. Joum. Geol. Soc. London, vol. 55, 1899| pp. 692, 700. — 
SoLLAB and Sollas, Fhilos. Trans. Roy. Soc. London, ser. B, vol. 202, 
1912, pp. 214, 222. 

An anomalous order of free Echinoderma. 

^'The Ophiocistia are Ophiuroidea with five paired series of append- 
ages, proceeding from the ventral surface of a plated test; and in 
which vertebral ossicles are absent or insignificant" (p. 700). 

Contains but one family, the Eucladiidae. 

Remarks. — ^That Eudadia and Euihemon, the genera belonging to 
this order, are ophiurids is said to be apparent from the following: 
''The absence of any openings on the dorsal surface, and of any indi- 
cation of an anus, the ventral position of the madreporite, and the 
sharp distinction of the arms from the test." On the other hand, 
they differ from all known ophiurids in several important particu- 
lars: 

''The structure and disposition of the arms is unlike anything 
known among either the OphiursB or the Euryalse, and finds no 
parallel among any group of fossil Ophiuroidea. If we consider the 
disposition of the arms first, we find as a constant character among the 
rest of the Ophiuroidea the extension of five of these appendages over 
the ventral surface of the disk as far as the buccal aperture; the 
vertebral ossicles of the arms are also serially represented in the 
buccal armature. In the Eucladiidae also the arms are given off 
from the ventral surface of the test, and the first pair have their 
origin in the outer distal angle of the jaws; if, however, we are to 
regard the serial arms of Eucladiid» as the free extremities of lateral 
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branches g^ea off in pairs from a median hypothelieal aim, than we 
must admit that the brancfaiiig takes place within the test to an esctent 
otherwise imknown within the class. If we turn neoct to the stmetme 
of the arms, we find no less striking peculiaiities. No decisiTe 
evidence exists to prove that vertebral ossicles are present, but if 
they are they must be out of all proportion small compared with the 
lumen of the arm. Since the cavity of the arm is almost entirdv 
unoccupied by skeletal structures, the question naturally arises as 
to the nature of the Bott parts which it contained. Hie distal arms 
are so large that they might wdl have afforded room for extensions 
of the digestive viscera from the test. The absence of visible aper- 
tures in the arms is another very puzding feature, and one is almost 
tempted to inquire whether the paired appendages are to be compared 
with arms at all. 

''The nature of the buccal armature is very different from that 
of any other Ophiuroid, though there is a certain amount of corre- 
spondence in the paired structtire of its five pieces. The absence of 
any opening that oould be taken for bioBal apertures is noteworthy.'' 

Family EUGLADIIDJE Gregory. 

Efidadiida Grbqort, Proc. Zool. Soc. London for 1896, 1897, p. 1040. — Sollab, 
Quart. Joum. Geol. Soc. London, vol. 55, 1899, p. 692. — St^kiz, Verb, 
naturh. Ver. preuas. Rheinl., etc., toI. 56, 1900, p. 204. — ScHdNDOBF, Jahrb. 
nasnTXXflch. Ver. Natnric., Wiesbaden, vol. 68, 1910, p. 286. 

Contains the genera: 
Eudadia Woodward. 
Euihenum SoUas. 

Genua EUCLADIA WoodLwardL 

Flates 37, 38. 

Eudadia jokmoni H. Woodward, Geol. Mag., vol. 6, 1869, p. 241, pi. 8.— Zittsl, 
Handb. Pal., vol. 1, 1879, p. 443. — St^btz, Verh. naturh. Ver. preius. 
Rheinl., etc., vol. 50, 1893, p. 30.— Grbgoet, Proc. Zool. Soc. London for 
1896, 1897, p. 1040, fig. 6 on p. 1041.— Sollas, Quart. Joum. GeoL Soc. Lon- 
don, vol. 55, 1899, p. 692. — SrteTZ, Yeiii. naturh. Ver. i>reuflB. Rhenil., etc., 
vol. 56, 1900, p. 183.— ^cHdNOOBF, Jahrfo. naasauiach. Ver. Naturk., Wies- 
baden, vol. 62, 1909, p! 47; vol. 63, 1910, p. 240.— Sollas and Sollas, Philos. 
Trans. Boy. Soc. London, eer. B, vol. 202, 1912, pp. 214, 222.— Sfsncbb, 
Hon. Brit. Pd. Asterozoa, pt. 1 (Palseontogr. Soc. for 1913), 1914, p. 50. 

This genus has seven pairs of arms in each radius, or 35 in all. 
These are covered with finely scaly integument. 

Oenoholotype. — E. joTinsoni Woodward (citations as above) , Lower 
Ludlow formation, at Sedgley, near Dudley, England. Other species 
are E. woodwardi Sollas, also from the Lower Ludlow, at Leintwar- 
dine, England, and E. t beecheri, new species, from the Lower Devonic 
Coe3mians limestone, New York. 
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MOCLADUl WOODWARDI SolUui. 

Plate 37, figs. 1, 2. 

ButJadxa woodwardi Sollas, Quart. Joum. Greol. Soc. London, voL 55, 1899, p. 
695, figB. 1 and 2 on p. 694. 

Original deacriptian, — ^Ten specimens "agree in presenting five 
paired series of appendages^ proceeding from the ventral surface 
of the body, which now possesses a more or less oval outline. The 
specimens are all of nearly the same size, the central body measiur- 
iog about 2 by 3 cm., the longest arms 2.5 cm. in length, and about 
3 mm. in breadth where broadest. Not more than four, possibly 
only three, pairs of arms can be traced in connection with each 
radius, but an additional pair may have existed close to the buccal 
armature, and have since become crushed out of recognition. 

" The dorsal surface [fig. 1]. — This is completely covered by nu- 
merous rounded polygonal or irregular scales, about 0.2 mm. thick 
and not exceeding 5 mm. in diameter; their surface is richly granu- 
lated. They are not arranged according to any discoverable law, 
though there may be a tendency to run parallel with the ambitus. 
In their present state they overlap each other to such an extent 
that one plate may be half concealed by another; no doubt they 
were imbricated during life, but the excessive overlap now presented 
is probably due in part to crushing. The direction of the imbricar 
tion is upward, that is, in the direction opposite to that of tiles on 
a roof, and thus resembles the imbrication of the dorsal surface of a 
recent Ophiiuroid. The plates are all of the same nature, and there 
are no openings on the dorsal surface. 

" The ventral surf ace [fig. 2]. — ^In the center the powerful buccal 
armature is a very conspicuous object. It consists of five pairs 
of strong plates or ossicles, precisely similar in their form and 
arrangement to those of Eudadia johnsoni. Around the armature 
are numerous small plates, irregularly disposed; from their form 
and size these may be regarded as elements of the test, though they 
may possibly indude remains of crushed arms. If, as judging 
from analogy we might suppose, minute arms proceeded from the 
outer angles of the jaws, they have since disappeared. 

''Outside the irregularly scattered small plates larger ones are 
seen arranged; along the five radii these are escutcheon-shaped, 
imbricated, and form a single series of three. Distally, each plate 
is produced into three processes, a single median and two lateral; 
the angle f<Mined by the side of the plate and each lateral process 
18 rounded and thickened to form one side of a circular apertiu^e 
ioT the passage or insertion of the arm, and the other half of the 
aperture is completed by the thickened maigin of a similarly excar 
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vated adjacent or adradial plate. The adradial plates foim a pair, 
which meet in the interradius. The arrangement is similar to that 
which occuns in the genus EutJieman, to be next described; in the 
latter, however, the plates are not overlapping, but tesselated. 
The overlapping of the plates is less on the ventral than on the 
dorsal side, a difference which is probably due to the less amount 
of displacement suffered by the ventral plates; and this, again, is 
expUcable on the assmnption that the ventral surface was flatter 
than the dorsal. 

'' The arms. — ^The arms of this species do not exhibit that marked 
increase in size, as theu* position in the series becomes more distal, 
which is characteristic of Eudadia johnaoni. Their average length 
is 25 mm. Near their tapering extremities the arms present on both 
dorsal and ventral surface three plates, two of which are lateral 
and one median, recalling the characteristic plating of an Ophiuroid 
arm; but nearer the origin the number of conspicuous plates on 
either surface is increased to four or even more, and smaller supple- 
mental plates are inserted between them in a manner precisely 
similar to that already described in the case of Eudadia joJmsoni. 
The laiger plates, swollen at first and becoming mucronate finally, 
are produced into a short awn-like termination. 

"A seajrch, which proved unsuccessful, was made for some trace 
of vertebral ossicles; had these structures been present originally, 
they must either have been very small or some traces would still 
be discernible. In Lapvx>rihuray which occurs in the same rocks, 
the vertebral ossicles are the most obvious elements in the brachial 
skeleton. 

"The distinction of Eudadia vx>odwardi from E. johnsoni rests 
on the smaller number of arms possessed by the former and the 
closer approach of these to equality in dimensions. The speci- 
men selected as the 'type' is exhibited in the Oxford University 
Museum, and bears a label stating where its description may be 
found." 

FomuiAon and locality, — ^In the Lower Ludlow, Leintwardine, 
England. 

SUCLADXA (?) BBBCHBRI, new wg&dknu 

Plate 38, ^. 1. 

As this problematic fossil is of considerable interest, it is thought 
best to make it known in this work, even though the preservation 
is not good. The general characters are easily seen in the specimen, 
however, and much better than can be shown by photography, but 
in detail very little can be made out. The fossil lies in a dense 
dark limestone beneath the surface of a parting between two beds 
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of stone. Originally but a few of the arms showed, and it was at 
once seen by the late Professor Beecher that he had found some- 
thing very different from a crinid. He bestowed a great deal of 
skill and labor on the fossil later on, bringing it out to its present 
relief, and in this condition it has remained since 1901, the year 
of its collection. It seemed to both Professor Beecher and the writer 
that it was an early form of branching or basket star, recalling the 
living AslrojihyUm. Recently, since reading the work of SoUas on 
Eudadia, it became clear that this view could not be maintained. 

The specimen seemingly shows the ventral side. 

The disk is lai^ and distinctly pentagonal, and from its five cor- 
ners radiate the more or less coiled rays. Disk composed of de- 
cidedly thick plates, apparently closely adjoining, but their arrange- 
ment is too much distiu*bed and crystaUine to make out. R » ? about 
13 mm., r»10.5 mm., R to edge of rays averaging 22 mm. 

Rays apparently completely circular in outline and covered by 
an abundance of imbricating scales, of which there are about five 
across the diameter of a ray. The average diameter of the rays 
is between 1.5 and 2 nmi. As the rays are crystalUne the nature 
of the internal skeleton can not be made out further than that 
there are vertebrae present. Each radius appears to have 4 pairs 
of arms, there being therefore 40 in all, but their situation in the 
disk and how they appear during growth cannot be made out. Three 
pairs are of the same size throughout, while the fourth pair, which 
lies upon the others, seems to be about half grown, and it there is no 
decided distortion of the disk plates, these appeared alternately, 
first on one side and then on the other. In Eucladid the 30 rays 
are practically aU alike, but in EuOiemon the 20 arms are equally 
divided between full and half grown ones. 

Formation and locality. — From about the middle of the Coeymans 
limestone of the Helderbergian (Lower Devonic), at Jerusalem Hill, 
Litchfield, Herkimer County, New York. The holotype is in the 
Peabody Museum of Yale University. 

Genus EUTHEMON Sollas. 

BuJQiemafn igema Sollas, Quart. Joum. Geol. Soc. London, vol. 55, 1899, p. 696, 
figs. 3 and 4 on p. 698. — Sollas and Sollas, Philos. Trans. Roy. Soc. Lon- 
don, eer. B, vol. 202, 1912, p. 222. 

This genus is very similar to Eucladia, hut differs at once in having 
but 4 arms in each radius, or 20 in all; 10 of these are more than 
twice as long (12 to 13 mm.) as the others (5 mm.). 

Oenoholotype and only species. — E. igema SoUas, from the Wenlock 
limestone, Croft farm, Malvern, England. 
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EXPLANATION OF PLATES. 
Plate 1. 

Fio. l,^Hud907Uuter narrawayi (Hudson) (also see plates 2 and 4). 

A greatly enlaiged photograph of the genoholotype of Protopalseaster 
narrawayi Hudson, llie inner ventral side of the specimen is here seen 
with all of the dorsal skeleton weathered away except one of the basal 
Bupramarginalia. Note the weU-preserved oral armature and in places 
the ambulacraUa. The latter are the *' covering plates **■ of Hudson. 

Photograph by Prof.. George H. Hudson. 

Middle Ordovidc (Black River). Ottawa, Oanada. 

Collection of Mr. J. £. Nanaway. 



Plate 2. 

Fio. 1. — HudBonaster narrawayi (Hudson) (also see plates 1 and 4). 

A photograph X 6 of the actinal side. Note the five long spines (toil) 
of the oral armature. 

Middle Ordovidc (Black River). Eirkfield, Ontario, Oanada. 

Collection of Peabody Museum, Yale University. 
Fio. 2.~Hudiona8ter matutinus (Hall) (also see plates 3 and 5). 

A photograph X 3 of three specimens showing the actinal area as preserved 
on a piece of black limestone. 

Middle Ordovicic (Trenton). Rathbone Brook, near Newport, Her- 
kimer Coimty, New York. 

Collection of Museum of Comparative Zo51ogy, Harvard University 
(No. 28). 



Plate 3. 

Fio. 1. — Hucbonatter rugosus (Billings). 

A photograph X 2 of the abactinal area of a cotype. 
Upper Ordovicic (Richmondian). Charleton Point, Anticosti Island, 
Gulf of St. Lawrence, Canada. 
Collection of the (jeological Survey of Canada (No. 1909). 
^0. 2.—Hud80fuuter matutinus (Hall) (also see plates 2 and 5). 

A retouched photograph X 2 showing the abactinal side. 
Middle Ordovidc (Trenton). Trenton Falls, New York. 
Collection of the Museiun of Comparative ZoOlogy, Harvard University 
(No. 3). 
Fio. ^.—HtubonatUr hatherij new spedes. 

A diagram X 3 of the actinal side made from a wax squeeze by Bather, 
now in the United States National Museum (Oat. No. 60601). 
Upper Ordovidc. Thndve, Glrvan, Scotland. 

289 
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Plate 4. 

Fio. 1. — Hudaonaater narrawayi (Hudson) (also see plates 1 and 2). 

A camera ludda drawing X 8 of the actinal side. The granules are 
drawn somewhat too strongly. 
Middle Ordovidc (Black River). St. Paul, Minnesota. 
Ulrich collection of the United States National Museum (Gat. No. 
60602). 
Fig. 2. — Hudaoruuter mUlerif new species. 

A diagram, considerably enlaiged, of an axillary area from the actinal 

side. 

Middle Ordovidc (Trenton). Fayette County, Kentucky. 

Collection of the State University of Kentucky. 
Fio. 3. — Meaopalxaster (f ) lanceolatua, new spedes. 

Camera ludda drawing of one ra> from the actiiial area, X 2. The 
central furrow in the ambulacrum is deddedly V-shaped. 

Upper Ordovidc (Utica). Near Rome, New York. 

Collection of Peabody Museum, Yale University. 
Fio. A.—AuatrdUuter giganteua (EtJieridge). 

An axillary area and part of two rays somewhat reconstructed from the 
original figure. Natural size. Note the single very large axillary plate, 
the enlarging adambulacrals, and the diminishing inframaiginals. 

''Permo-Oarboniferous"' (Lower Marine). Farley, Northumberland 
County, New South Wales. 

Collection of the Mining and Geological Museum, Sydney. 

Plate 5. 

Flos. 1 and 2.— Hudaonaater matuiinua (Hall) (also see plates 2 and 3). 

1. Camera ludda drawing X 3.5 of the actinal side of one of the sped- 
mens photographed on plate 2, fig. 2. 

Middle Ordovidc (Trenton). Near Newport, New York. 
Collection of Museum of Comparative ZoSlogy, Harvard University 
(No. 26). 

2. Camera ludda drawing X ^•S of the abactinal area of a speciineii in 
which the osaides are somewhat displaced. 

Middle Ordovidc (Trenton). Lachine, near Montreal, Canada. 
Collection of the United States National Museum (Cat. No. 60603). 
Collected by W. R. Billings. 

Plate 6. 

Fxos. 1 and 2. — Hudaonaater incomptua (Meek). 

1. Camera ludda drawing X 4 of the actinal side. 

Upper Ordovidc (Richmondian). Near Waynesville, Ohio. 

Harris Collection of the United States National Museum (Cat. No. 40882). 

2. Camera ludda drawing X 4 of the abactinal area in a well preserved 
specimen. The anal opening may have been in the first cirde of amall 
plates adjacent to the centro-dorsal piece and in the same intetradiuB aa 
the madreporite. 

Upper Ordovidc (lUchmondian). Near Waynesville, Ohio. 

Hairis collection of the United States National Museum (Cat No. 40882). 
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Plate 7. 

FiQS. 1-4. — Palxaster niagarenais Hall. 

1. Camera ludda drawing X 4 of the abactinal side in its present 
preservation. Holotype. 

2. Abactinal side of the holotype restored, X 4. The drawing probably 
has too many accessory disk pieces. 

3. Camera lucida drawing X 4 of the actinal side of one of the rays of 
the holotype. Since this drawing was made the rock in the ambulacral 
furrow has been dug away down to the ambulacral plates, which are 
small and deep-seated. 

4. A few of the inframaiginals and supramaiginals from the abactinal 
side to show the smooth central areas surrounded by granular borders, X 4. 
Siluric (Rochester shale). Lockport, New York. 
Collection of Cornell University (No. 7331). 
Fio. 5. — Metopalaaster finei (Uhich) (also see plate 9). 

Camera lucida drawing X 16 of one of the rays. The ossicles are always 
more or less displaced in this species. 
Upper Qrdovidc (Eden shales). Cincinnati, Ohio. 
Ulrich collection of the United States National Museum (Cat. No. 60604). 

Plate 8. 

Fio8. 1 and 2,—'MeiopdlsBa8ter shafferi (Hall). 

1. Camera lucida drawing X 8 of the abactinal side of a one-third 
adult-sized specimen. As the medial disk pieces are displaced in the 
individual, they are here drawn in in their probable natural arrangement 
all should be pointed like the central disk plate. 

Upper Ordovicic (Maysvillian, Coiryville member). Cincinnati, Ohio. 

Vaupel collection of the United States National Museum (C^t. No. 
60605). 

2. Camera lucida drawing X 3 of the actinal area of a mature indi- 
vidual. 

Upper Ordovicic (Richmondian). Waynesville, Ohio. 
Harris collection of the United States National Museum (Cat. No. 
59391). 
Fio. 3. — liRofmaxUr drevemumni SchSndorf. 

Actinal side as reconstructed, by SchOndorf. Natural size. 
Lower Devonic (Upper Coblenzian). Miellen, Grennany. 

Plate 9. 

Fto. 1. — Meiopalmatter (f) parviusculus (Billings). 

Camera lucida drawing X 5 of a guttarpercha squeeze of the holotype, 
actinal side. 

Siluzic (Lower Aiisaig). Arisaig, Nova Scotia. 

Original at McGill University; guttarpercha squeeze in United States 
National Museum (Cat. No. 60620). 
Fio. 2. — Meiopdlauuter {f) cataracteTuis, new species. 

Photograph X 3 of the well-preserved holotype. 

Siluric (Cataract formation). Hamilton, Ontario. 

Collection of the Hamilton Natural History Society. 
Fio. 3. — MuapalsMuter (?) granH (Spencer). 

Photograph X 2 of a specimen showing the dorsal side. 

Siluric (Cataract formation). Hamilton, Ontario. 

Collection of Peabody Museum, Yale University. 
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FiQ. 4. — MesopdlmasUr irUermedktSy new species. 

Photograph X 3 of the holotype. Between the two rays lies an ann of 
a crinid, giving the impression that this form has a lai^ge disk. 
Upper Ordovidc (Maysvillian). Cincinnati, Ohio. 
Collection of the University of Chicago (No. 9575). 
Fig. 5. — Meiopalssaster find (Ulrich) (also see plate 7). 

Ulrich's original figures. Fig. 5, one of the cotypes from the abactinal 
side X 2; fig. 5a, the madreporite X 6 ; fig. 56, a ray from the actinal aide X 3. 
Upper Ordovicic (Eden). Cincinnati, Ohio. 

Ulrich collection of the United States National Museum (Cat. No. 60604). 
Fio. 6. — Meiopalseaster caractaci (Gregory) (also see plate 11). 

Retouched photograph X 3 of a wax squeeze by Bather, now in the 
United States National Museimi (Cat. No. 60606). Actinal area. 
Ordovicic (Caradoc). Church Stretton, England. 

Plate 10. 

Figs. 1 and 2. — Mesopalseaster clarki (Clarke and Swartz). 

1. Drawing of the actinal side of the holotype X 1.5. 

2. Abactinal area X 1.5. Note the few accessory pieces in the angleB 
between the radials. 

Upper Devonic (Chemung). Near Oakland, Maryland. 

Collection of the Maryland C^logical Survey. 

Plate 11. 

Fig. 1. — Mesopalseaster caractaci (Gregory) (also see plate 9). 

Retouched photograph X 3 of a wax squeeze by Bather, now in the 
United States National Museum (Cat. No. 60606). Abactinal area. 
Ordovicic (Caradoc). Church Stretton, England. 
Fig. 2. — Devonaster chemungenns^ new species. 

Photograph of the natural mold of the actinal side of the hoLotype, 
nattiral size. 
Upper Devonic (Chemung). *' Central Pennsylvania.'' 
Collection of Columbia University (No. 6228G). 

Plate 12. 

Figs. 1 tLn^2.—Spaniaster latUciUatua (Sandberger). 

1. Abactinal side. 

2. Actinal side. 
After SchOndorf . 

Lower Devonic. Grermany. 
Figs. 3-^. — DevonasUr encharis (Hall). 

3. Abactinal side, natural size, a, the madreporite. After Hall. 

4. Actinal side, natural size. After Hall. The tiny ambulacral plates 
should have been drawn as opposite one another and not alternate. 

5. Hall's diagram (3a) of liie actinal plate arrangement. The ambu- 
lacrals are incorrectly drawn, as their arrangement is opposite and not 
alternate, a, ambulacralia; aOf adambulacralia; m, inframaiginalia; o, 
pairs of oral armature ossicles; p, podial openings, but drawn a little too 
laige; £m, the single interbrachial axillaries. 

Middle Devonic (Hamilton). Near Hamilton, New York. 
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Plate 13. 

Figs. 1 and 2. — PromopalaRaster vrilsoni (Raymond). 

1. Photograph X 1.5 of the holotype, showing the abactinal side. 

2. One of the rays of the holotype X 3. 

Middle Ordovidc (LowviUe). City View, Ottawa, Canada. 

Collection of Miss A. E. Wilson. 
Fig. 3. — Promopalxaster prenuntiuSy new species (also see plate 15). 

Photograph, natural size, of the actinal side of the holotype. 

Middle Ordovicic (Lower Trenton). Frankfort, Kentucky. 

Collection of the State University of Kentucky. . 
Fig. 4. — Anorthaster mxamiensis (Miller) (see also plate 20). 

Retouched photograph, natural size, of the actinal side of the holotype. 

Upper Ordovicic (Richmondian). WaynesviUe, Ohio. 

Harris collection of the United States National Museum (Cat. No. 
40880). 
Fig. 5. — Neopalxaster crawfordavillensis (Miller) (see also plate 23). 

Retouched photograph, natural size, of the holotype, showing the abac- 
tinal area. 

Mississippic (Keokuk). Crawfordsville, Indiana. 

Harris collection of the United States National Museum (Cat. No. 60607). 

Plate 14. 

Figs. 1 and 2. — PromopalsRoster spedosus (Meek)? 

Reproduction, natural size, of the original lithograph of "Aiteriaa pri- 
mordialis.^' Probably the young of P. spedosus. 
Upper Ordovicic (Maysvillian). Cincinnati, Ohio. 
TTie specimen is now lost. 
Figs. 3 and 4. — Promopalxaster spedosus (Meek) (also see plate 15). 

Photographs, natural size, of the abactinal and actinal sides of the 
holotype. 
Upper Ordovicic (Maysvillian). Cincinnati, Ohio. 
Dyer collection of the Museum of Comparative Zo5logy, Harvard 
University (No. 22). 

Plate 15. 

Figs. 1-4. — Promopalmaster spedosus (Meek) (also see plate 14). 

1. Camera lucida drawing X 4 of an interbrachial area. 

2. Camera lucida drawing X 4 across a ray at about its mid-length. 
From the actinal side, showing the ambulacrals, podial openings, 

adambulacrals, inframarginals, and supramarginals. 

3. Two adambulacral spines near oral region, X 7. 

4. A part of the abactinal area of a ray near its mid-length, X 2.5. 
All drawn from the holotype. 

Upper Ordovicic (Maysvillian). Cincinnati, Ohio. 
Dyer collection of the Museum of Comparative Zoology, Harvard Uni- 
versity (No. 22). 
Fig. 5. — Promopalxaster prenuntvis, new species (also see plate 13). 

Diagram of the actinal interbrachial plate arrangement. 
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Fios. 6-8. — Promopalssa$Ur helltdiUf new epedee (also see plates 16 and 18). 

6. Gameia lucida drawing X 4 of an interbrachial area. The adambu- 
lacrals are in natural position, but the interbrachial axillaries and the 
inframaiginals are soinewhat displaced. Taken from the specimen on 
plate 16, fig. 1. 

7. Camera lucida drawing X 7 of the abactinal area of a ray. The 
ossicles are all displaced, but originaUy they were imited in a spicalar 
and partially overlapping mesh. 

8. Madreporite X 7. 

Upper Ordovicic (Richmondian). Wajmesville, Ohio. 
Harris collection of the United States National Museum (Cat. No. 
40879). 

Plate 16. 

Fio. 1. — Promopalaaster belluluSf new species (also see plates 15 and 18). 

Retouched photograph, natural size, of the actinal side. The specimen 
is in limestone. 

Upper Ordovicic (Richmondian). Waynesville, Ohio. 

Harris collection of the United States National Museum (Cat. No. 
40879). 
Fig. 2. — Promopalxaster spinvJosus (Miller and Dyer) (also see plates 17 and 18). 

Retouched photograph, natural size, of the actinal side of the holotype 
of PaUeaster longibrachiaius Miller. The well-preserved columns are the 
inframaiginals, but in places some of the adambulacrals are also shown. 

Upper Ordovicic (Richmondian). Near Clarksville, Ohio. 

Harris collection of the United States National Museum (Cat. No. 
40881). 

PULTB 17. 

Figs. 1 and 2. — Promopalaaster spintUosus (Miller and Dyer) (also see plates 16 and 

18). 
Retouched photographs X 3 of the actinal and abactinal sides of the 
holotype. 
Upper Ordovicic (Richmondian). Probably near Waynesville, Ohio. 
Dyer collection of the Museum of Comparative Zoology, Harvard 
Univereity (No. 16). 

Plate 18. 

Figs. 1-3. — PromopaUeaster spinuhsus (Miller and Dyer) (also see plates 16 and 17). 

1. Camera lucida drawing X 2, eomewhat restored, of the holotype 
of PaUeaster hngibrachiatus Miller. 

2. Camera lucida drawing X 7 of the abactinal area of a ray near its 
base. Shows the large infra- and supramarginals and ambital pieces. 
Center of ray has spicular ossicles. 

3. Madreporite X 7. 

Upper Ordovicic (Richmondian). Near Clarksville, Ohio. 
Harris collection of the United States National Museiim (Cat. No. 
40881). 
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Fio8. 4 and 5. — Promopalaeaster belhUus, new species (also see plates 15 and 16). 

4. Adambulacialia and their spines, X 7. The ambulacrum lies to 
the left. 

5. A few abactinal spines, X 7. 

Upper Ordovidc (Richmondian). Waynesville, Ohio. 

Harris collection of the United States National Museum (Gat. No. 
40879). 
Fig. 6. — Promopalauuter wyloffi (Miller and Gurley) (also see plate 19). 

Diagram X 3.5 of one of the interbiachial areas. 

From the holotype. 

Upper Ordovicic (Richmondian). Near Madison, Indiana. 

Collection of the University of Chicago (No. 6066). 
Fio. 7. — Promopalxaster exculptus (Miller) (also see plate 20). 

Adambulacral and ambulacral plates at about mid-length of a ray, X 4. 

From the holotype. 

Upper Ordovicic (Richmondian). Near Waynesville, Ohio. 

Harris collection of the United States National Museum (Cat. No. 
60608). 
Fig. 8. — Promopalasaster dyeri (Meek) (also see plates 20 and 25). 

Five inframarginal plates X 4. To show the articulations for the stout 
spines that lie on the right. Also note the smaller spines. The plate 
extensions to the left connect with the vertical ridges on the ambulacral 
plates. 

From the holotype. 

Upper Ordovicic (Maysvillian). Cincinnati, Ohio. 

Dyer collection of the Museum of Comparative Zo51ogy, Harvard Univer- 
sity (No. 13). 

Platb 19. 

Fig. 1. — Trimertuter parvulita Schdndorf. 

Reconstruction X 1-75 of the actinal side. After SchOndorf. 

Lower Devonic (Coblenzian). Near Rhens, Germany. 
Fig. 2. — ProTnopaheaster wykoffi (Miller and Gurley) (also see plate 18). 

Photograph X 2 of the holotype, showing the actinal side. One of 
the finest of Paleozoic specimens. 

Upper Ordovicic (Richmondian). Near Madison, Indiana. 

Collection of the University of Chicago (No. 6066). 

Platb 20. 

Fig. 1. — Anorthaster miamienM (Miller) (also see plate 13). 

Camera lucida drawing X 5.5 of one of the interbrachial areas of the 
holotype. The only Paleozoic form known with the area wholly made 
up of adambulacrals. 

Upper Ordovicic (Richmondian). WajmesviUe, Ohio. 

Harris collection of the United States National Museum (Cat. No. 
40880). 
Fio. 2. — Promopalsuuter exculptus (Miller) (also see plate 18). 

Camera lucida drawing X 4 of an interbrachial area. Note the modified 
ambulacral plates in connection with the oral armature. Holotype. 

Upper Ordovicic (Richmondian). Near Waynesville, Ohio. 

Harris collection of the United States National Museum (Cat. No. 
60606). 
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Figs. ^^.•^Promopalseaster dyeri (Meek) (also see plates 18 and 25). 

3. One of the interbrachial areas with the ossicles displaced and the 
adjoining adambulacial plates with their spines, X 4. 

4. Madreporite X 4. The rest of the plate is covered. 

5. Two abactinal spines, X 7. 

6. Five different abaclinal ossicles, X 7. 
All drawn from the holotype. 

Upper Ordovicic (Maysvillian). Cincinnati, Ohio. 
Dyer collection of the Museam of Gompaiative Zodlogy, Harvard Uni- 
versity (No. 13). 

Platb 21. 

Fio. 1. — pTomopalsBoater magnifieus (Miller) (also see plates 22 and 23). 

Photograph, natural size, of the actinal side of one of the cotypes. This 
speci nen is probably the best preserved of F&leozoic starfishes and is one 
of the largest species. 

Upper Ordovicic (Richmondian). Near Waynesville, Ohio. 

Harris collection of the United States National Museum (Oat. No. 40883). 

Platb 22. 

Fig. l.^-Promopalseaster magnifieus (Miller) (also see plates 21 and 23). 

Abactinal side of the same specimen illustrated on plate 21. 

Plate 23. 

Figs. 1-3. — PromopalsBOster magnifieus (Miller) (also see plates 21 and 22). 

1. Camera lucida drawing X 3.5 of an interbrachial area. Additional 
tube-feet probably also came out at the junction of the forked crests. 

2. Camera lucida drawing X 4 of the actinal area of one of the rays 
toward the distal ends. Large adambulacrals bound the rays distally, 
while the smaller pieces outside are the inframaiginals. 

3. A distal portion of the abactinal area, X 3.5. 
All drawn from the cotypes. 

Upper Ordovicic (Richmondian). Near WajmesviUe, Ohio. 

Harris collection of the United States National Museum (Oat. No. 
40883). 
Fig. 4. — NeopalsBOster crawfardsvillensis (Miller) (also see plate 13). 

Camera lucida drawing X 4 of the abactinal area of the holotype. Ac- 
cessory disk pieces are drawn in; in the specimen they are all displaced. 
The madreporite should be more finely striate. In places the dorsal 
skeleton is lost, exposing the ambulacrals. 

Mississippic (Eeokuk). Crawfordsville, Indiana. 

Harris collection of the United States National Museum (Cat. No. 
60607). 
Figs. S-T.—Petraster spedosus (Miller and Dyer) (also see plates 26 and 27). 

5. The ambulacral, adambulacral and inframaiginals of a ray at its 
mid-length, X 4. Seen from the actinal side. 

6. Inframarginal, accessory interbrachial, and adambulacral pieces, X 4. 
Seen from the dorsal side. 

7. Ambulacral and adambulacrals, X 4. Seen from the dorsal area. 
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Plate 24. 

Fios. 1-2. — XeviMier margaritatus Simonovitsch. 

1. Reconstruction, somewhat enlarged, of the abactinal side. The 
structure of the medial portion of the disk is based upon Agalmaster 
mUllensis. 

2. Reconstruction, somewhat enlarged, of the actinal area. 
After Sch5ndorf . 

Lower Devonic (Upper Coblenzian). Niederlahnstein, Germany. 

ft 

Plate 25. 

Fio. 1. — Provnopalaeaater dyeri (Meek) (also see plates 18 and 20). 

Retouched photograph, natural size, of the actinal side of the holotyx)e. 

Upper Ordovicic (Maysvillian). Cincinnati, Ohio. 

Dyer collection, Museum of Comparative Zodlogy, Harvard University 
(No. 13). 4^ 

Fio. 2. — Lepidasterella baboockif new species. 

Photograph X 1.5 of the holotype. A natural mold of the abactinal 
area in sandstone. 

Upper Devonic (Lower Chemung). Near Ithaca, New York. 

Collection of Mrs. 6. W. Babcock. 

Plate 26. 

Fio. 1. — Petraster apedostu (Miller and Dyer) (also see plates 23 and 27). 

Retouched photograph, natural size, of the abactinal area of the holotype. 

Upper Ordovicic (Richmondian). Near Winchester, Ohio. 

Dyer collection of the Museum of Comparative Zodlogy, Harvard Uni- 
versity (No. 14). 
Fio. 2. — Fetraster (f ) OTnericanus (D'Orbigny). 

Reproduction, natural size, of Meek's original figure. The specimen is 
seen from the abactinal side, exposing, however, ^e inner surface of the 
actinal skeleton, which is deeply embedded in limestone. 

Upper Ordovicic (Maysvillian). Cincinnati, Ohio. 

Collection of the University of Chicago. 

Plate 27. 

Flos. 1-4.— Petnutor speciostu (Miller and Dyer) (also see plates 23 and 26). 

1. Camera lucida drawing X 4 of the abactinal side of a ray. Holotype 
The inframarginals border the animal, with the supramaiginals imme- 
diately inside of them. The radial column is readily distinguished 
along the center of the rays. 

2. Camera lucida drawing X 6 of an interbrachial area in a young 
individual (Harris collection. Cat. No. 60609, U.S.N.M.). The inframar- 
marginals are above and the adambulacrals below to the right. The rest 
rest of the plates are accessory interbrachials. ■ 

S-4. Madreporite from the side and from the lower or under surface, X 8. 

Flo. 6. — Petraster rigidus (BilUngs). 

Outline tracing of the actinal skeleton from a photograph X 2 of the 
holotype. 

Middle Ordovicic (Trenton). Ottawa, Canada. 
Collection of the Geological Survey of Canada (No. 1401a). 
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FXG&. e^.— rnBckrf::conB»£ff Ifeekt ilao see pbtee 28 and 30). 

6. CsEMn iTscida dnvicg X 8 ol put ol the ahrtina] areactf aiay proxi. 
nouly. Xoie bov the asides are <bmwn oat into nonarticulating blunt 

T. Caznen hidda dnving X 4 ol the acdnal ade about the mouth. The 
cxnpile;^ oral aimatTire is preserved. 

S. MadrEpodle in ccitlizie, X T. 

F^tzn ipedmensi in the Hazxis ooDectkn ol the United States National 
Mnspom Cat. Xo. 40SS5 •. 

PUltk 28. 

Figs. 1 aixi 2. — V'litiereiia grandis (itsek) 'also see plates 27 and 30). 

1. Retoncbed phc4kXTapk. natoiml mae, of a bige and folded specimen. 
Bo>th Tcntial and donal areas are shovn. 

2. BetoQcbed photogiaph, natonl aae, ol an avenge individual seen 
fr>m the actmal side. 

Upper Ordv>\icic ^RichnkODdian^. Near Waynesville, Ohio. 
Haziis c.^lkctijn ol the United States National Mnsenm (Gkt. No. 40885). 
Figs. 3 and 4. — U^afr^rr^^ puldu^ia ^Billings) (also see plate 30). 

3. Fbotaerapb, natozal saxe, ol an electrotype, seen bom the actinal aide. 
Middle Oi>3ovicic tTr«iton>. Hull. Ottavm, Canada. 

Orurinal In collectKm of the Geological Survey of Canada; electrotype in 
United States National Huseum (Oat. No. G06I0). 

4. Retouched phot^^raph, natural sue, of the ahactinal area. 
Middie Ordovicic (Trentwi). Tlenton FkDs, New Yoik. 

Collecticvn of the Museum of Compaiative ZoOlogy, Harvard University 
tNo. 31 . 
Fig. 5. — Vra^trY*^ girvancnsis, new species. 

Rep!v^uction X 2 of the otiginal %are by Nicholson and Etberidge, 
somevbat altered. 

Fiv^m a wax squeeze made by Bather, now in the United States National 
Museum ^^Oat. No. 60611). 

Upper C>Tdo^'icic. Thnive, Girvan, Scotland. 

PULTK 29. 

Fig. 1. — UrasUrflla ulnchi^ new species (also see plate 30). 

Retouched pfaotograpb, natuial siie, of the <ibft/*tiw^1 side of a cotype. 
The three short blimt rays are interpreted as bealed stamps. 

Middle Ordovicic (Black River). Minneapolis, Minnesota. 

Ulricb collectkm of the United States National Museum (Cat. No. 00612). 
Fig. 2.—UnuUrella huxlofi (Billings). 

Photograph X 2 of the bolotype. Abactinal view. 

Middle Ordovicic (about Chazy). Point Rich, Newfoundland. 

Collection of the Geological Survey of Canada (No. 554.) 

PLaTB30. 

Fios. 1-4. — UroMUreUa grani%» (Meek) (also see plates 27 and 28.) 

1-2. Camera lucida drawing X 16 of the adambulacrals with tbeir articn- 
lar spines and probable paxille. 

3. Camera lucida drawing X 8 of the two columns of ambnlacral 
plates a little displaced. The podial openings are situated laterally 
between the thinner ends of the ossicles. 

4. Camera lucida drawing X 7 of the adambulacrala with tbeir spinea. 
From specimens in the Hams collection of tbe United States 
Museum (Cat. No. 40885). 
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Fig. b.— Urasterella puUhdta (BilliDgs) (also see plate 28). 

Camera lucida drawing X 8. The large plates to the left are the coin- 
shaped adambulacrals Xsome have tipped over and show their articular 
&ce6), next are the small elongate inframarginals, and outside of these 
are the spinose ambitals. 

Ftos. 6 and 7. — Urasterella ulrichij new species (also see plate 29). 

6. Camera lucida drawing X 4 of the abactinal side of a young 
. individual. The medial ray plates should be more tumid than here 

represented. Note the primitive structure of the disk. 

7. Camera lucida drawing X.6 of the actinal side of a young indi- 
vidual. The outer dark margin is adhering rock, through which some 
of the abactinal ambital nonarticulating spines project. Note the 
phanerozonian interbrachial characters. 

Middle Ordovicic (Black River). Minneapolis, Minnesota. 

Ulrich collection of the United States National Museum (Cat. 

No. 60612). 

Plate 31. 

FiQB. 1 and 2. — Compsoater formosua Worthen and Miller. 

1. Actinal view, natural size, of the holotype. Reproduction of the 
original iUustration. 

2. Part of a ray, X 2. After Worthen and Miller. 
Upper MiflHiHHippic (Chester). Okaw Blufb, Illinois. 
"Illinois State coUection of 1880, No. 2476.*' 

Flo. 3. — CaUiastereUa mira (Trautschold). 

Reproduction, nattiral size, of Schdndorf's reconstruction. 

Upper Carboniferous (Moscovian). Mjatschkowa, near Moscow, Russia. 

Plate 32. 
Fig. I. — Steruuter aalteri Billings. 

Retouched photograph X 3 of a cotype. Actinal view. 

Middle Ordovicic (Trenton). Belleville, Ontario, Canada. 

Collection of the Geological Survey of Canada. 
Fig. 2. — Schuchertia stdlata (Billings) (also see plate 33). 

Photograph X 4 of the actinal side of the holotype. 

Middle Ordovicic (Trenton). Ottawa, Canada. 

Collection of the Geological Survey of Canada (No. 1399). 
Fig. 3. — Schuchertia laxala, new species (also see plate 33). 

Retouched photograph X 2 of the holotype from the abactinal side. 

Upper Ordovicic (Richmondian). Waynesville, Ohio. 

Harris collection of the United States National Museum (Cat. No. 60613). 
Figs. 4 and ^.—Schmmuter (f ) legrandenxia Miller and Gurley. 

4-5. Actinal and abactinal views, natural size. 

6. Part of actinal side X 6.5. After Miller and Gurley. 

Lower Mississippic (Einderhooklan). Le Grand, Iowa. 

?Gurley collection of the University of Chicago. 

Plate 33. 

Fig. l.Schwchertia atellata (Billings) (also see plate 32). 

Camera lucida drawing X ^ of the abactinal surface. Somewhat 
restored. . 

Middle Ordovicic (Trenton). Near New Edinburgh, Canada. 

Collection of the Geological Survey of Canada. 
FiG0. 2 and Z.-~8<^uchertia laxaUiy new species (^Iso see plate 32). 

2. Some of the outer ambital plates, all disjointed, X 8. 

3. An interbrachial area and ambulacrum, X 4. 
Upper Ordovicic (Richmondian). Waynesville, Ohio. 

Harns collection of the United States National Museum (Cat. No. 
60613). 
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Fio. 4. — Tetraster wyvUle-thomsoni Nicholson and Etheridge. 

Diagram X 4 of the actinal skeleton. From a wax squeeze by Bather, 
in the United States National Museum (Cat. No. 60614). 
Upper Ordovidc. Thraive, Girvan, Scotland. 
Fig. b^—^cfuxruuter (f) montanus Raymond. 

Reproduction X 2 of the original figure. Actinal side. 
Mifisissippic (Madison). Spring Canyon, near Alder, Montana. 
(Collection of the Carnegie Museum. 
Fio. 6. — SJianaater (f) wadumutki Meek and Worthen. 

Reproduction, natural size, ef the original figure. Actinal view. 
Lower Mississippic (Burlington). Burlington, Iowa. 
Collection of the Museum of Comparative Zoology, Harvard Univeraity 
(No. 7). 

Flats 34. 

Fio. l.—PalsBosolaster (f) gyalum (Clarke). 

Actinal view of one of the cotypes, natural size. 
Upper Devonic (Portage). Ithaca, New York. 
Collection of Cornell University. 

Plate 35, 

Fios. 1-4. — Sch€ma8ter JmbriatU8 Meek and Worthen. 

1. View of the abactinal side, natural size, of one of the cotypes. 

2. Enlarged view of one of the rays, showing the arrangement of the 
ossicles and the pores, as seen when the surface is ground down. 

3. Actinal side of a ray, enlaiged, showing only the adambulacrals. 

4. Actinal side of another cotype, natural size. 
The original figures of plate 19, figs. 7a to 7d. 

Upper Mississippic (St. Louis). St. Clair County, Illinois. 
Fiofl. 5 and 6 — Encriruuter petdUndes (Simonovitsch). 

5. Abactinal view, about X 2. 

6. An arm from the actinal side, about X 2. 
After SchOndorf . 

Lower Devonic (Upper Coblenzian). Niederlahnstein, Germany. 

Platb 36. 

Fio. 1. — Tseniaater spinosua (BDlings). 

Photograph X 2 showing the actinal aide of one of the cotypes. 
Middle Ordovidc (Lower Trenton). Montmorency Falls, Quebec, 
Canada. 

Collection of the Geological Survey of Canada (No. 1404). 
Fios. 2 and 3. — Taeniaster cylindricus (Billings). 

2. Abactinal view X 2 of one of the cotypes. 

3. Actinal view X 2 of another cotype. Both specimens are on the 
same slab. 

Middle Ordovidc (Trenton). Ottawa, Canada. 
Collection of the Geological Survey of Canada (No. 1405a). 
Fio. 4. — Alepidaater flexuoaw (Miller and Dyer). 

An unpublished photograph X 3.5, made many years ago, of the holo- 
tyi)e of ProtastermcL fimhriata Ulrich. 
Upper Ordovidc (Lower Edenian). Covington, Kentucky. 
Ulrich collection of the United States National Museum (Cat. No. 60615). 
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Plate 37. 

Fios. 1 and 2. — Eudadia woodwardi Sollas. 

Doisal and ventral reconstructions X 5/3 of this remarkable fossil. On ft 
is based the order Ophiodstia Sollas. ''One arm, the most proximal of 
the radius on the lower right-hand comer, is omitted, so as to show the 
aperture from which it proceeds." After Sollas. 
Siluric (Lower Ludlow). Leintwardine, England. 

Platb 38. 

Fig. 1. — Eudadia (?) heecherif new species. 

Photograph X 2 of the holotype from the actinal side. The specimen 
itself is difficult to make out, hence the indistinctness of the photograph. 

Lower Devonic (Coeymans). Jerusalem Hill, Litchfield, Herkimer 
County, New York. 

Collection of Peabody Museum, Yale University. 
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amoldi, Encrlnaster 241,248 

asper, Onychaster 270,272 

atpenima, Palxaater. 187 

a^>errima, Urasterella (7) 175,187 

atperrimuSf SaUemter 187 

tuperrimu8f TdroaUr 187 

aaperuUif AtUrioM, 188,262 

aapemlla, RoemeratUf 188 

asperula, UrastereUa 175, 1 88 

AtpHoaoima 241 

A. amoldi 243 

A.elibleiise 244 

A.goldfus8i 248 

A. grayse 245 

A.petaloides 243 

A. petaloides goslaztensis 243 

A. 7pontis 244 

A. roemeri 244 

A.scfamidU 244 

A. tisehbeiniannm 244 

AtpidotomaUdK 241 

Asterias 88 

ilfteiiu (Troftam, Anthony and James 140 

A.aeuminatut. 93 

A.anthmH 140 

ii.aftfifvaHislnger 149 

il.entifvaTroost 80 

A.anUgvata 109 

A.aipenOa. 188,282 

il.eofM(«Ua(a 187 

A.mattUHia 67 

il.flaontonitf 189 

A* prifiusM. 167 

A.prinurdiaUa 108 

A, (ArehtBoaUriat) Thenana m 

A. spinosissima 19 

asterldradide 84 

yiterlna 33 
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AtUriteua antliumt 149 

AtleroldM 41,42,43,61 

eroltttionof 11,80,48,62,106 

number of , in Psleoiolo S7,28 

tflnnfnolocr 13 

Astropeoten 161 

A.(r)8cshlttt«ri 161 

AUzaster 161 

A. pygnuBos 161 

Anluroidea 80,38,40,41,42,43,163,212,918 

geological distrflmtlon of 28 

nnml)er of , in Paleoioio 27,28 

Austnlaiter 44,48,49,66, 7«, 171 

A.gtganteoi 78, 171 

A. (T) itutchburii 73 

UMHmUt, TmniatUr 236 

axil 14 

axillary inframarginal 14 

axillary interbraohial 14 

axillary marginal 15 

axillary osBioleB. 34,49 

t)aboocki, LepidasterdlaL 160 

bairid, Onychaster 270,872 

6orr<f<,ProtoJ««r(T) 272 

batbBri, Hadaonaater 55,08, 167 

BdeUaooma 248,252,884 

B. TermiformiB 254 

beecheri, Endadia (7) 278 

beUulns, Meaopalseaster 75,91 

hdlvluit PetfOtUr. 91 

bellulos, Promopatoaster 104,105,118 

beneokei, Bondenbachia 234 

bibUogr^by 281-288 

blforis, Protester 820, 227 

biviam 14 

body-wall 14 

bohemica, Eophiura. 222 

Bohemora. 216,228 

B.jahni 223 

honneyi, PaUuuUHma 153 

bonneyi, Palasterina 151,152,188 

Mtingoidet, Protatter 286 

briiingoidee, StOrtsura 236 

buccal processes 225 

Bunden b ach 29 

Bundenbachia 216, 284 

B.benednl 234 

B.gnndit 236 

osBCalporea 14 

OaiUatUr 190 

C.minu 190 

CalliastereUft 39,47,49,50,190 

C.mlra. 191 

CalUasterellide 162,163,190 

CaUiuUridM. 190 

caractaoiy Mesopalssaster 75,92 

earaetaei, PalwatUr 92 

caTOiCtaei, Prolopalmuler. 92 

oarbonarius, CribelUtes 274 

oarinals, SM radlals. 

catalogue of Faleoioie SteUeroldea 51 

cataraotensis, Mesopalssaster (7) 75,89 

central disk, see disk. 

central disk plate, see centrodorsal plate. 

central plate, see oentrodonal plate. 

oentrodonal plate 14,34,35,48 



Cheiropteraster 40,199,202,352 

C. giganteus 203 

diemungensis, Deronaster 101 

Cbolaster 366 

C.peculiaris 266 

Cbolasteridn 246,208 

dliaris, Ophiura 268 

elafkana, Pobdotter 61 , 63 

ctarkii, StkertdgatUr 173 

darkei. Monaster 171,172 

dtrl:d,PaZ«uter, Do Koninck 173 

eIsrkd,PaZ«uter, Miller 61 

darki, MiBai^>al8Baster (7) 75,04 

darki, PaUtatter 94 

Classiiloatlon 51 

OoOatter 96 

C. amerieanut 146 

C.2ati»eutatu8 96 

C. tenttirttdkaui 19 

eoMrU, Paiteoeoma 353 

oolvini, StOrtsaster 3S8 

Com]>saster 198 

C. formosus 198 

C. n.sp 194 

CompsasteridflB 162,168,101 

condnna, Eugasterella (T) 338,280 

condnnu9, Eugatter 239 

confluens, Stanaster (7) 165, 107 

confragosus, Onydiaster 270,278 

eontteOata, Atteriat 187 

constellata, UrastereUa (?) 175,187 

€ororuUaf PdUeatUr 167 

ooronella,Stenast8r (?)...'. 165,107 

crawfordsrillensis, Neopalssaster 135,180 

erawfordtviUentU, PdboatUr 136 

CribeUites oarbonarius 374 

Crossaster 88 

Cryptoconia.... 80,33,38,40,41,43,44,45,46,47,102 

qfgnipe$, PdUeoama 358 

cygnipes, StQrtcaster 3S8 

qfUndrka, Lapworikura 230 

qfUndrtoa, Paiteoeoma 230 

CffUndriea, Txnhira. 330 

oyiindrions, Tnniaster 216, 217, 218, 319, 220 

daoulasensis, Furcaster (7) 361 

daouia$entit, Pntaster 361 

darwini, EdiinastereUa (7) 300 

dedieni, Eduidia 363 

decheni, SopliSuriUt 382 

deehefU,PTOtarter 348 

deoheni, Tremataster (7) 247,248 

demissus, Onyduister 370,274 

development, abnormal 101 

geological, of Stdleroidea 37,38 

Devonaster 40,44, 

46,47,49,50,74,76,77,97,139,130,133 

D . chemungensis 101 

D.eudiaris 39,37,08 

divonka, PaUeneetrta 155 

devonicus, Palasteriscus 300 

difDciUs, Tremataster 347 

disk 14,313,225 

how enlarged 32 

disk accessory plates 84,46 

diskambltato 13 

disk inframarginals 15 
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dJbkniai^Kliials 14 

didEpkteB. 14 

primary 49, 170, 134, 190,191 

dJsknpramargiiials 15 

diqw,X«Da8ter iao,lSl 

donsl, see abacttnal. 
domlSfBeenMlJato. 

donalshJald. 218 

dono-latanto, see aooenory plates. 

dnvennaiml, ICJomastv 96 

dii!>ii]s,Me8opalM8tir(r) 75,86 

^ubhu, PulMatUr 85 

dwertfPalmtUr 120 

tfferf , PdmaCer 121 

dywl, Promopalsastar 104,105,120 

Echioaster 45 

BehinaBterdla 199,200 

E. (f) darwinl 200 

E.dadcnl 200 

EohiiiastariBS 38,207,209,211 

E.spJnosus 211 

eehinatiis, Sqnamaster 249 

Echini, radii of 85 

Echinodiscaster 38,40,207,209,211 

S^muttidaetghii 211 

EdthiodiaelUt, 211 

EOanoHtau, 211 

E. mmUidaeithu 211 

Eflhtnmiteila, 38,207,209,212 

E.traqaairl 212 

Eifelaster. 128,188 

E. foDmannL 134 

elfdeiue,A9pldotoma 244 

eifelflDsis, Enorinaater 244 

eUgam, Pniaaier 221 

eteeuB, Tvniastir 219,821 

eleeuB, Xeoaster. 130,181 

elJzae, Uraziaster 166 

(part) 224 

43,45,226,241 

E.anioldi 241,248 

E. elffelenirtii 244 

E.coldfkMi. 243 

£.(?) grays. 245 

E. petaloSdea 243 

E. petaloideB goslarlMisis < 243 

E.pontis 244 

E.roeoMrl. 242,244 

E.aehmldtl 244 

E. titchbeiniainw 244 

Aterfnoilcrte (part) 215 

215,241 

173,178 

E.dmpUt 186 

Edaidia. 262 

B.deolMDi. 262 

Eoloidildft 246,262 

Eophinra. 216,222,223,259 

E. bohamifca. 222 

ApMnrite 262 

ApMsrttM 262 

S,ieAeni 262 

EoapoDdylna 262,268 

B. prlmigHilus 263 

170 



Page. 

B.darkei 172 

eacbaris, DoToxustar 20,37,98 

euekarii, PatmaHer. 1{8 

euekarii, Xenaiter 98 

Eudadia 275,276 

E. (r)beecheri * 278 

E.Johnsoni 276 

E.woodwardi 276,877 

Eudadilda 276 

Eugatter 237 

E.condnnut 239 

E.logani 238 

Eugasterella 235,287,259 

E. (?) ooncixma 238, 289 

E.logani 237,288 

SuopMuroldea 213 

Euryale aimulatam 20 

Eufhemon 275,270, 279 

E. Igoma 279 

OTolatfon of Asteroidea 30 

exctUptutf PaimuUr 117 

ezcalptus, PromopalfleastBr 104,106,117 

ey»-plate, see oeolar plate. 

feroz, PalsBodisciu 23 

flliciformis, Hellanthaster 159,160 

fvmbriata, PaUeatterina 204 

fimhHata, Pntaster 231 

fimMata, ProUuterina 231 

flmbriatas, Schoenaster 204 

flnei, Mesopalsaster 75, 8 1 

finei PalseasUr 81 

fleziUs, Onychaster 269, 2 70 

fleznosus, Atopldaster 230, 281 

fUxuosus, Protaater 231 

fUsfiota, Protaaterina 231 

follmaniil, Eifelaster 134 

foUmantUf PtUatterina 157 

foUmanni, PseudopalasteriDA 156,167 

forbesl, Hallaster 254,266 

forbeti, Pntatter 255 

formosus, Compsaster 103 

Furcaster 248,269,261 

F. (?) daoulasensis 261 

F. palflBOioicus 269,861 

FureuUridB 248 

genitab, see intenadial plates. 

genitals in Echini 85 

geological development of Btelleroidea 27, 28 

geological distribution of BtaQsroidea 28 

giganteus, Australaster 78*171 

giganteus, Cheiropteraster 202 

giganieut, MonatUr 73 

gi^nUU9,PQJlteatUr{MonatUr) 78 

girvanensis, Uraster^ 107, 175, 186 

gclUfvMi,Awpii09(ma 243 

goldfossi, Encrinaster 243 

Goniaiter 61 

grandis, Agalmaster 132 

gmndU, BundenbaAki 235 

grandis, Palaophiomyza 234,886 

grandit,8tenaiUr 180 

grandis, Urasterella 174,175,180 

granti, Hesopalnaster 75,89 

gmnU, PuUtttSter. 89 

grannllfBnis, Akpidastar 229,280 
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^ratNtl^friM, ProCsater (f ) 3S0 

^raiMifoticf, PoZcoiter, Hall 112 

gramOomu, Palmuter,'hi9fik 100 

granolosiu, PromopAlsttttf 104,llt,118 

graspMB 88 

grw$m, Atpidomma 246 

grays, Encrioastflr (7) 245 

grayl, Lepidastcr 188 

gregulus, Aganastar 264 

ffregariutf AUpUaaier 264 

ffregariut, ProtatUr it) 264 

Oragorlora 216, 8S8 

O. spryi 284 

gregoryl, Palsosolaster 20B 

grooml, Protastor 226,227 

gyalum, Hdianthaster 160,210 

gyalum, Palftosolaster (7) 210 

Hallaster 248,264 

H.forbesi 254,266 

Harris, I. H.yglftofstarflshwby 9 

hirrisit PaUtatler 180 

HtUofUhatUr Oailn (put) 20B 

HeUanttaaster Roemar 88, 

40,45,157,158, 169, 209,211 

H. flllclformis 159,160 

H. infolum (putt) 160,210 

H. rhenanus 159 

H. roemeri 209, 211 

H. n. sp. Clarke 160 

HeUatUkatUridx 157 

HdiaiUhattertnm 157 

Heliastar 88,208 

Mntio, PaUtatler 188 

Mrudo, UntUr 188 

hlnido, Urasterella 175, 188 

EiHnfferatUr 148 

H.anUqua 149 

Hndaonaster 81,32,84,86, 

38, 39, 40, 41, 42, 44,45, 47, 48, 49, 52, 68, 
69, 75, 105, 135, 140, 158, 165, 179, 194, 196 

H.UtherL 55, •6,167 

H. incomptuB 34, 30, 40, 55, 61 

H. matutinas 84,55,67,139,141,166 

H. mfflerL 55,60 

H. oarrawayL 43,50,55, 62 

H.mgosus 36,55,64 

HadsonasteridB! 52,68,162 

kusUfif Stenatter 182 

huxleyl, Urasterella 175,182 

igenia, Eathemon 279 

HnMeatut, Palwatter. 169 

imbricatus, Tetraster (7) 168,162 

inoomptus, Hadsonaster. 84,86,40,55, 61 

incomptut, Palmatter. 61 

inframarglnaUa 16,84,48,152,194 

Inframarghiftl plates 16,33,174,179,185 

interactlnals. 13 

interbraohlal adambttlacrals 16,126 

interbrachJal areas and arcs.... 14,60,138,186,194 

interbrachlal marginals 15 

intermarginal plates, see ambltal plates. 
Intermarginab, see ambltal. 

intermedins, Agalmaster. 188 

intermedins, Mesopalsaster 75,79 

interadial plates 16, 32 

Jaekelaster 40,192 



J. petaUfofinls 198 

Jahni, Bohemnrm 238 

Jamul,PalatitrtBaif) 146 

Johnson!, Endadia^ 276 

kimAani, PaiatUrtfM 166 

kinahanl, Uranastar 164,1M 

Labldaster 208 

lanoeolatos, Mesopalaaastar (7) 76,81 

Li^tworhtora. 248,260*264 

L.eplindrka 

L. mntoni 260,261,1 

L.80llaBl. 261 

L.(7)H) 251 

L^worthnrids 246,948 

lateral shielda. 214 

kOtieuUthu, CoduUr 96 

latiscutatos, Spaniaster. 96 

lazata, Schucfaertla. 196,198 

legrandensis, Sohoenaster (7) 906 

Lepidaster 38,40,168,160 

L. grayi 156 

Lepidasteraoea 63 

Lepldasterella 88,40,180 

L.baboocki 160 

Lepldasterids. 62,58,167 

leptotoma, PnUuUr. 237 

leptotoma, Rhodottoma 237 

leptoeoma, StOrtsora 286,987 

leptosomoides, StOrtsora 286,987 

LindstrOmaster. 138, 140, 148, 164, 166 

L. antiquus 149,163 

LindatromoiUrinm 138 

iogafU, EugatUr. 888 

loganl, EugasteieUa. 287,988 

long9miekiialhu, PaXmatUr 115 

Loriolaster 199,200,901,208,252 

L. mirabiUs 201 

lymanl, Ophiarina 247 

Lysophinra 215 

madraporite 16,89,40,209,211,214,222,28l»296 

magniilcas, PromopalflBaster 43, 

104,106,106,118,199 

morgarUatut, XewuUr 131,182 

margaritatns, Xenaster 129,180,181 

marginalia, see marginal plates. 

marginal plates 16,33,43,186,158,218 

laarftonl, Potooooma 

marstoni, Sturtiaster 

maituJ^na, AtUrioM 67 

matatinns, Hndsonaster 84,65, 67,189, 141, 166 

vuOvltlnut, PaUauUr 67 

meafordensis, Taniaster 281 

measnxements 15 

median dorsals, see radials. 

llednsaster 88,207,919 

IC.rhenanaa 912 

Mesopaleaster 28,39,41,44,45,46,47,49, 

50,56, 74,95,98,105,136,180,186,158 

M.(7) aoominatns 76,88- 

If. (7) antiquus 76,88 

H.beUulus 15,91 

ICcataotad t 95,89 

H.(7) oataraotansis 79,89 

lf.(7)clarld. 75,94 

M.(7)dublas. 76,86 
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Page. 

ICfliiBl 75,81 

ICgcftntl 76,89 

M. iatennedliu 75,79 

M.(r)laii(oeolata8 75,89 

lC.(T)parvin8oalna. 75,87 

ILpnavltus 75,88,86 

ILshaltari 44,76,77 

!€.(?) wmwranus 76,84 

llBSopalaBStarlna. 63,74,162 

mlainlBimfa, AtepJdaster 230,288 

mJunleiiBis, Anorfhaster 127 

mImmientU, PabeatUr 127 

naamUn»ia,PnUuier 238 

mleUsDsis, Agalmaster 132 

mlllBrl, HndaoDaster 66,80 

mfltonl, lApworfhun 250,261,253 

mittimi,FnUuler 251 

minverl, Bymptanua 266 

Mkunaster 43,60,74,98 

M. diemmaimi 96 

ICioopoodytiu 262,988 

ILrhenuias 263 

iiilia,Ca]llMtafeUa 191 

mliabiUs, Lorlolastar 201 

wdnu, OaUatUr 190 

iiiltclKBlli,8tiiita8ter(r) 264 

MonoiUr Oreg€ff 49,72 

lionaster EthaiidgB 40,170 

ILCIttksl 171,179 

M, glgofHieua 73 

M.ttmlMMrH 73 

Ifymutertim 162,163,170 

mcmtaDa, UxMteroUft 176,189 

^^^m^BvOVv^V^M^ ^B VOvv WV* •••••*•*•••«•■••••«••••»•• A^^V 

pymfumM, mhoMiftatBr (T) 43,907 

moath angle platB, see oral armatuxB. 

nmltMafltyhn, Bchtnodhcaster 211 

wmUidadfhii, Eddnoditeut 211 

imiltJtajedstaiilsheB 38,40,167,307 

Miimwm7l,Hi]dsoiia8ter 43,60,66,89 

lu i o ip ayt , PntopaUBotter. 60 

neg^ta, Palmira 223 

Negpaloaster. 40,43,48,49,67,60,98,184 

N.enwfoidayiaexials 135,188 

Neopalaaatarids 62,63,184 

nJacaiensli, PalaBaster 68,89 

obtnsos, Ophlnra 26 

obituut, PaltBUter 167 

obtosos, Pxotaatar (Ophioja) 26 

obtoaus, StBDagter (7) 166,187 

oUmaut, Vruiter. 167 

oocnneiioeofstarflsbBs 28 

ocnlarplate 18,34,48,134,136 

ooolan in Echini 36 

oiito0Bnyof8tellBioldea 36 

OnydiastBr. 268 

O.asper 270,979 

O.taniBL 270,279 

O.oonfirasoaaa 270,278 

O.dBmiBBaa 270,974 

O.fkndlii 269,970 

OnjcbMlBridA 968 

Opbiodstia 276 

Ogth-EnertmiUrtM au 

Opkhptgi 



36 
23 



OphionQfliatia. 

O.obtosus 

O. (7)iamo8a 

O.rbenan^ 

O.aaltBri 327 

O- eohlotheimtl 18 

OpkhtratteriK 215,346 

OpMttreQd 263 

0. primigenia 263 

Ophiorina 948,260 

O.lymanl 247 

Ophinrinids 246 

Ophiuioidea 41,42,43,219,358,987 

geological distribution of 28 

number of , in Faleoioic 27,28 

oral, see actinal. 

oral angles 16. 

oralarmatuxB 18,43,162,172,210,242 

oral skeleton, see oral armature. 

ordinaria, Schuchertia 196,199 

ossicles, see plates. 

PalsBaster 10, 

40,41,44,49,56,60,87,76,98,101,136,158 

PattBOtUr iMonatUr) Etherldge (part) 72,170 

P, (Afifaiter) antigna 86 

P.aiUituata 100 

P.anU^Hint 86 

P.tupenina 187 

P.oamctad 93 

P.dafkana 61,68 

P. darfcd Do Eoninck 173 

P.cterfcdMOlBr 61 

P.dorU 94 

P.coron«2ki 167 

P.ertnBfordtvOUnilt 136 

P.dvHiu 86 

P.dpert 130 

P.auikarit 08 

P. cxculpttts 117 

P. find 81 

P. (.Mcnaater) giganUut 73 

P.gnmii 89 

P. ^nuMOoticf Hall 112 

P. ^nttJotut Meek 100 

P.harriti 180 

P.Umdo 188 

P,imbrictttut 160 

P, Imeomptut 61 

P.JameH 146 

P.Umgibnehiattu. 115 

P. motirtiniiff 57 

P. mtemieiuif 127 

P.montanm 180 

P. niagarensis 68,89 

P.oMutuf 167 

P.parvtuaeuUu 87 

P.pttlekcUiis 178 

P.pygnuML 23 

P.rvikveni 187 

P.tkageH 77 

P.ihupla, 61,68 

P.sjMdonit 109 

P.tphmlMut. 116 

P.sqnamatDS 33 

P.iMomut€r)thaMmrH 7S 

P,wiibt nnmt 84 
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P.rwOmmi V» 

P.wfkoffi 11» 

PalsMtarida fl2,53,M 

PabBoaterim. 138,1S0 

P.anHfua 1« 

P. ttp p r a ifw a to Ifi 

P.toniwfi 153 

P.fimMata 204 

P.primmva. 158 

P.aptctoM M2 

PulmuUriMm 66 

PdUBatUrMdx 138 

PaJaeMHagidm 1» 

PdUtekinaHeridm 1» 

PuUtgonioiUHdx (:part) 66,341 

PaUtgonkutertiK 128 

PdUnuetrto. 155 

P.devonioa 155 

PttlJBooonui Miller (part) 239 

PttJnwoma Salter. 253 

PaUtoeoma iBdeUaeoma) 254 

PaUtoeoma iKhopaloeoma) 254 

P.eoMni 253 

P.cyyntpef 253 

P. qfUndrita. 230 

P.manUmi 259 

P.prtneept 240 

P.pffwUckniM 254 

P.tpfnota 219 

P.vermifwmit. 254 

Palsodbcos feroz 23 

Palsophiomyzaw 216, 2S4 

P.grandiB 334,886 

PalmtpUomyxIdK 315,334 

Pahwphtara. 385 

P . simplex 235 

Pnlmopkittrtdm 215,210,285 

Palttooolastte 38,40,207,209,211 

P. gregoryi 209 

P. (.) gyalmn 210 

P.roBmeri 311 

PalBooolasteraoea 163 

Palttooolaiteridn 162,163,207 

PaUeotpondfUdx 248 

PaUeotpondfUu 261 

PalawstelbL 51,138,166 

P.BoUda. 156 

palsBOioiciu, Forcaster 250,861 

PttUnpondfflut. 261 

P.zUtai 262 

PalsBunL 216,828 

P. nej^ecta 223 

PdUuUraeafUMon 173 

Paloiterina BillingB (part) 196 

PaUuterina Salter. 40, 

49, 130, 138, 140, 160, 154, 156, 196 

P.lxnmeTi 151,153,188 

P.foUmtmnL 157 

P,if)jQmaL 146 

P,h*nahanL 155 

P.priouBVB 149,151,153,168 

P. (r) ramseyensiB. 153,164 

P.r^tcf. 141 

P.rugoM 64 

P.ttOtata. 196 

53 



FueBL 

62,63,188.196 

162,163,199 

40,19P,8O0,2S2 

T.dBwoideaB 300 

Palastropeeten 348,261 

T.xUUU 263 

Palmipm omtltiim lA 

papoloL 16 

parvinaculDS, MeaopalBaster (?) 75,87 

panhueuhii, PalttuUr 87 

paimlns, TriuMnster 134 

paziDa. 116,156 

peeoUaris, caudaster 286 

pedteeilarig 16 

pecfBctns, Silmastar 66 

penadial 17 

petaliformiB, Jaekelaster 192 

petoMdet, AtpUioaoma 243 

petaloidea, Encrinaster 343 

petoMdet go§lmientl$, Aijffdoaoma 243 

petatoidea gwlarlmwh, Encrinaater 243 

Petraster 39, 

44,46,46,47,51, 188, 149,154,156,196 

P. (7) anMricamia. 139,146 

P.ir)aiUl9ua 86 

P.fteiHiltM. 91 

P.iyeri. 121 

P.r<^tif(part) 57 

P.rigidiia. 139,141 

P.smythi 139,147 

P.specSoaas 47,139,142 

P. wObcrteiHM 84 

petri, Protaster. 25 

FhanBroaoDia 86, 

88,39,40,41,43,44,45,46,48,51 

pliylembryo of Stellnoidea 34 

Pisaater 38 

plates 17 

plmnUbmilSy Trtdwtaster 86,38 

podia and podialopeningB 18, 

17,83,38,39,309,213 

pofitit, il<pMoMiiiar 244 

pontis, Encrlnaster 244 

prenuntias, PromopalsBaater. 104,167 

preservation of starflahea. 28 

piiiMBvUf AHtrtai.m 167 

pr imm v a , Palmattertna 153 

prinuBva, Palastertoa. 149,151,152,153 

primxvfu,Vntter 153 

primary inframargiDal 15 

primary radials 17,32 

primary skeleton 13, 15, 1 7, 31, 32, 34, 56, 191 

primary supramarginal 15 

prtmigeniaf OjMwreUa 268 

primigenius, Eospondylus 263 

primitive starfish, moat 81,33 

primordidUt, AaUriai 108 

prfmiw, ProfM(€nieaiifMoii U8 

prifieepif PaUeoeoma 2*> 

pr1noep8,Ptilona8ter 246,250 

proavitus, Hesopalaaster 75,88,85 

PromopaLBeasttr 88, 

39,41,43,44,46,46,47,60,56,78^98, 162, 126 

P-beUtdus 104,105,118 

P.dywl 104,105,1>0 

P.exoulptUB 104,105,117 
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F.puiukmu 104,118,118 

F.HttKiifflcas 42,104,105,100,118,189 

*P. praumtiQs 104,107 

F.speeiosas 104, 105, 100, 113 

r.8p.mid«t 104,108,100 

P.Bpimilomu 44,104,106,115 

P.wflsoiil 104,106 

P.wykDffi 42,104,110 

PromopttlsBastflncea 63 

FromopBlsB8terkl8B 62,63,78 

FromopalffiasteriiuB 62,74,108 

Prota8terHaU(part) 264 

Protester Forbes 216,217,884,220 

P.^nbarrm 272 

P.blfods 886,722 

P.MHngoidet 280 

P. damUaaentU 261 

P.daeftari 248 

P.degant 221 

P.ftmbriata 281 

P./tacvotiM 231 

P./or6ei< 256 

P, if) gmnuUfenu 230 

P.if)9re9aTiui 204 

P.groomi 220,887 

P,l€pto$oma 237 

P.mkmientit 238 

P.mOtoni 261 

P. (Ophinrft) obtusus 26 

P.petrl 26 

P.(T)8alterL 220,887 

P.sedgwiokl 226,220,243 

P. (?) stenifer 220,888 

P. (7) whiteAveslaniis 226,887 

PToUuUmeanUkkm 178,178 

P.prtmui 188 

PlotesteridBB 216 

PntaaUftM 228 

P./fmMote 231 

P./lexttosB 281 

Pxotoeoryale 26 

Protopgt g gf tor 63,60 

P.oiradod 02 

P. norrowairf 60 

ProlopklttreK 240 

Protopkhknidm 218 

proximal InframargiDAls. 14,16 

proximal radJals. 17 

proximal supramai^ginal 16 

Paeadopalasterina 138,166 

P.foUmannL 166,157 

PtlUniastar 235,889 

P.prinoeps. 240,260 

palchella, Urasterella. 176,178 

piMURut, PqlmoMUr. 178 

p^iiiAdhu, SUmuter 178 

PycDOpodia 38,42,207,208 

pygmsBa, Palsaster. 28 

pygmsus, Atexaster 101 

pffotucftntoi, Ptttoocoma 267 

pyiotedmica, Bhopatocomft 264 

radial aooenory plates 18 

ndialla 17,34,86,46 

nMlideofasterida. 84 

ramoMy Ophiora (7) 28 

iaii»4yeii8iB,Pa]asteriiift(7) 188,164 



rayambita]8L 13 

rays. 17,88,44,48,807,218,228 

ngeDerationolL 186 

refenaratlon 87*186 

respiration, see papula and osBcal pores. 

rktfiafM, AtUriaa {AnkaaaUriat) 181 

rtaenana, Ophiura 268 

ibeoantu, Helianthaster 160 

rbaumns, Hedusaster 212 

rbflnanus, Miospondylns 268 

rbMuuras, Xeoaster (7) 130,181 

Rbenaster 43,128,188 

R.schwerdl 138 

JSftodottofiM. 236 

H.Upto»omiL. 237 

Rbopaloooma. 248,262,854 

R. pyrotecbnica 264 

rigidua, PaUuUrHia 141 

TiQidiu, Petrtuter. 67 

rigldus, Petraster 180,141 

Bamenater 173,177 

B. {1) acuminaiua 03 

B,aapenUa 188 

Boemenaterinm 172 

roemeri, Aapidoaoma 244 

roemeri, Bncrinaster. 242,844 

nemni, HeUatUhaater 200,2U 

roemeri, PalBosolaster. 211 

rvgaaa, PaUuUrtna. 04 

mgosus, HadaomMter 86,66,64 

nUhveni, PalmaaUr. 187 

mtitoenl, UnaUr. 187 

nxthv«Dl, Urasterella 174,176,187 

SoUenater 173,178 

S.aapenimua 187 

salteri, Ophiun 227 

8alteri,Protaster(r) 226^887 

salteri, Stenastar /.... 104,165 

sohlotheimii, Acroora (Ophiura) 18 

sohlotheimli, Ophiura 18 

schltlteri, Astropeoten (7. ) 101 

adimidti,AapUoaoma 244 

Bohmidti, Enorinaster 244 

Sohoenaster 202 

B.flmbriatas 204 

8. (?) lesrandensls 200 

8. (?) montanus 48,807 

8. (?)n.8p '. 200 

8. (?) wachsmuthi 206 

Bchoanasterlde 102,103,808 

schoharia, Taeniastar 210,886 

SehOndorf , on revision of Qerman starliahes. . 11 

Schuchertia. 61,140,152,104,165,262 

B.]azBte 100,168 

8.oidinaiia 100,199 

B.8teUate 106,166 

Sohuchertlaoea 168 

BchticherttidaB. 162,108,164 

sehwerdi, Rhenastar 

secondary skeleton, see secondary plates. 

sedgwicki. Protester 22t,.^,. 

selwyni, Urasterella 176,188 

sbaffleri, Ifesopalaaster 44,78,77 

akafferi, PalaaaaUr 77 

BOoiastar 48,68 65 

B.petlM)tiis.«.« 66 
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riaplex, FaljBoiihlim. 



plates. 

rfMlBoiyEchiiiMtBreUa 

snythl, Fdtnster 1»,U1 



•ollds, PabBostella... 
nllasl, I^worUnm. 
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»,tt,47,49,«0b7i,M 



8.]atiKatatii8. 



142 

, 100 

lyPotnster. 47,130,148 

star 10i,lQS,lM,U3 

spbMBB, see paxfllg and iwrtlcrilMio. 

9pbioaa,PQiKoeoma., 210 

q^tiMwhslina, Asterias 10 

splnosity ;. J7,41 

spinosus, Ediinasterias 211 

spinosiu, TsBoJastsr 216,217,218,010 

tphntioiUM, PalmatUr lU 

spinnlosiis, PiomopalflBaster 44,104,106,116 

spryl, OvBfQarlon 234 

flgaamastar 248»040 

S.editnatns 240 

sooamatas, PabBBstsr 28 

stalk of primitiTestarflshfls •1,84 

staiflsh, most primitive Sl«83 

ori^ofgiaspen 88 

orlgiii of wriggjUxig type 82 

ndide. 84 

§UiBtia,PdlaMterina 106 

stsData, Sohnebertia. 106,100 

alcOste, TYMlOMiter 106 

StBlkfoidea. 61 

gsological development 27,28 

SBologJ ca l «^^^t^^lHlt^n ^ 1 , . 90 

ontogeny 86 

ph7leml)ryo 84 

typembryo 86,86 

stsUlfar, Piotastsr (T) 226,118 

SUtutter (pdit) .\. 178 

Stenastsr 81,41,42,43,50,68,108,168,212 

8. (?) oonfluens 166,167 

8.(r)ooronBl]a 166,167 

S.gnnUt 180 

a.kuxUifl 182 

8. (?) obtnsQS 165,167 

S^pukheUut 178 

8.8altBri 164,166 

8tBnasteiioea 168 

8tBnsstBrlde 168,168 

8toii»«anal, see madreporlte. 

Straptophiura. 215,148 

8tartnstsr 248»869 

8.oolTlaL 

8.cygnipes 

8.mantoni. 

8. (?) mltehelll ,.... 

atartnua 286,186 

8. brisingoldes 286 

B.leptosoma 286,187 

8.lBptosomoides 286,889 



■totoUbiizil, AnstnlastBr (?) 73 

ifalt Mm I li. Hiimt^fr 78 

MitiabKHi,PabBUleriMonatUr) 73 

U«84,85,4ft 

248,1m 



218,222,224,242,266,267 

tsniastBr 216,218 

r.Mistrattt 236 

T.cyUndrieos 216,217,218,210,880 

T.elegans 210,181 

T.meafovdensls 221 

T.sdiobaria 210,180 

T.spinosos 216,217,218,118 

TgmiatteridM 173 

TgiUum 216 

T.qfUndrloa 220 

twmiradlatns, CotHastat 10 

terminals, see ocular plates. 

tenninolosy of AstBToidea 13 

T^etraster 31,41,42,43,50,164,165,167,213 

T.^tperrtmut 187 

T.(?)imbricatus 168,168 

T.sp.ind. Nicholson and Etberid^ 186 

T.W9vUU4komioni(pBit) 66 

T. wyvUle-tliomsont 168 

UKkbeMannum, Atpidotoma. 344 

HM»hliAtn yt^^i|^ I^ ITffrtMM rtff _ 244 

torus 16,48,54,174 

tiaqnairl, Echinostella 212 

Trsmatastsr 246,847 

T.(?)dedieni 247,148 

T.dilBdlis 247 

TYsiUONaKcr 106 

r.steOate 106 

Tricfaotaster plumilonnis 86,38 

Tilmeraster 44,45,50,128,184 

T. parvnlns 134 

trtvium 14 

Tiochitaster, see Trichotastcr. 

typembryo of Stelleroidea 86,36 

nlildii, Urasterella 37,43,45,40,176,188 

Uruiaster 51,138,164 

U.elissB 166 

U.kinahani 154,186 

Uratter kimdo 188 

U.obtutfu. 167 

U. pr i m mvu i 153 

U.nUkveni ig? 

UratUnlla BtQitz 168 

UrastareUa McCoy 40^ 

41,42,45,47,40,50,60,164,178,104,212 

U. (?)a8perrima. 175,187 

U.asperuUL 175,188 

U. (?) oonsteUata 175,187 

U. girvanensis. 167,175,186 

U.grandis 174,175,180 

U.birudo 175,188 

U.hudeyl 176,108 

U. montana 175,180 

U.n.8p 189 

U.pulcheUa 175,178 

U.rathTSnl 174,175,187 

n.selwyni 175,188 

U.uWohl 87,0,45,40,176,188 
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UnstoraUaoM 163 

XJnstereUidflB 103,163,172 

ventxBl, aee aotJxial. 

i7«Dtnl8hiflld 213 

TBnnlJbrmls, BdeUaooma 254 

vermifijirmiB, PaUtoooma 254 

Tertetealoasldes 18,213,267,267,209 

waehamnthl, Schoenastar (?) v... 205 

whJteaTesianiu, Piotastor (7) 226,227 

wfll»nau8, Meaopalsastar (?) 75,84 

vttbenmu, PdUauter 84 

wabert&mu, Petnuter 84 

wOmnO, Pidmtter (J) 106 

wflaonl, Fiomopalasaster 104,106 

woodward!, Eodadla 276,277 

wrlg^«n 82,33,38 



v|Pko!]^, PaUeasUr 110 

wykoffl, Promopalaastar 42,104,110 

foyvSae4Jiomionif TOntUr 65 

wyvflle-thomsoiil, Tetraster 168 

Xenaster 40,44,46,46,47,49,60,08,128,120 

X.dlspar 130,181 

X.elegana. 130,181 

X.etteharit. 98 

X. margarUatui Follmann 181 

X. inaiVttrftattM Slmooovltach (part) 181,132 

X. margaritatna SlmoiiOTltacli. 129,180,181 

X.(?)rheiiaiiu8 180,181 

X.timpUx 96 

Xenasterldn 62,63,128 

zUtdi, PaUBOBpondffUu 202 

stttaU, Palaatiopecten 262 
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